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AN ANNOTATED BIBLIOGRAPHY OF PUERTO RICAN 
ENTOMOLOGY 

By Mortimer D. Leonard 

Formerly Entomologist, Insular Experiment Station, 

Rio Pierlras, Puerto Rico 

This is an attempt to gather together all the published ref¬ 
erences to tin* entomology and the insects of Puerto Rico. The year 

1932 is covered hut, several titles which were due to appear early 111 

1933 are included even tho two or three of tlm citations may he some 
what incomplete. A total of 71 1 titles are listed. Of these the compiler 
has been able to examine ail but 2S; those not personally examined are 
indicated by an asterisk. A few of the references do not mention 
insects from Puerto Rico blit have been included in order to correct 
published errors. They are plaeod in brackets. 

The task of compilation has been greater than at lirst expected 
and without the generous help of several people the results would 
Inivc been much less complete. Chief of these has been Prof. 0. R. 
Crosby of Purnell University who has supplied many references and 
given great assistance in the final preparation of the manuscript. 
Mr. A. d. Mutchler, of the American Museum of Natural History, 
has located many references on Poleoptera thru his wide knowledge 
of the literature of this group which otherwise would have been over¬ 
looked. Mr. F. AW Watson of the same institution and l)r. AW T. 
M. Forbes of Cornell University have both helped with titles on 
Lepidoptera. Dr. Win. A. Hoffman of the School of Tropical Medi¬ 
cine supplied abstracts of several references and Dean Darios A. 
Figueroa of the Pol lege of Agriculture loaned several rare volumes 
dealing with early Puerto Rican agricultural literature. Acknowl¬ 
edgment is due to the following librarians: Miss Ida E. Hood of the 
American Museum of Natural History, Mr. W. AW Ellis, of the New 
York State College of Agriculture at Cornell, Miss A label Coleord of 
the United States Bureau of Entomology and to Mr. J. I. Otero of 
the Insular Experiment Station, as well as to their associates for 
many courtesies and for assistance in finding many of the publica¬ 
tions consulted. Dr. Geo, N. Wolcott at the Insular Experiment. Sta- 
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lion at Rio Piedras has been good enough to go over the manuscript 
and proof and has made several corrections and additions. 

Anonymous. 1903. Algunos remedios contra los principales in- 

sectos que atacan el tahaco. Dept. Interior P. R., Neg. Agr. y 

Minas, Bol. Agr. 17, pp. 5-12. San Juan, November. 

An abstract in Spanish of U. S. Farmers ’ Bui. 120, 32 pp., 1900 
by L. O. Howard on ‘‘The principal insects affecting the tobacco 
yd ant. ’ ’ 

1904. Some injurious garden and field insects in tropical 
America, V. S. Dept. Agr., Bur. Ent. Bui. 44: p. 84, 

A brief record of the damage done bv several injurious insects, 
specimens of which were sent to the Bureau in August 1903 by 
O. W. Barrett of the P. II. (Mayagiiez) Agr. Exp. 8ta. It is 
chiefly of interest because these records are probably the first, pub¬ 
lished notes from this Station on injurious insects. They are as 
follows: an aphid on squash ; the leaf-beetle, Crrotoma den ti corn is 
01., infesting cowpeas; Systcna basal is l)uv. inuring sunflowers 
and a leafhopper, A(/allia tenefla Ball, injuring beans, cowpeas and 
other plants. 

(Pedreira in his Bibliografia Puertorriquena gives the authorship 
of this paper to L. O. Howard but there is no evidence to show 
that it was written by him.) 

*1911. Leyes y reglamentos concemicntes a la importacibn e 
insy)eccibn do plantas, enfermedados do insoctos y plagas on la 
Isla do Puerto Rico. Junta do Comisionados do Agricultura 
Puerto Rico Circ. No. 1 Div. of Ent. Bur. Su])|)lios, Printing 
& Transp., 7 pp., San Juan. (Published in English & Spanish) 

Compiled from Act dO, Sj>ecial Session Legislative Assembly 1910 
and Act 45, Legislative Assembly 1911. 

Anon. (pob. Wetmore. Alex.) 1913. Useful birds of Porto Rico. 

Porto Rico Progress 4(1:5): 115, 14. San .Juan, P. R. 

A note on the control of the ‘ ‘ changa ’ ’ or mole cricket by herons. 
The article is probably by Alexander Wetmore. 

1913 b. Destruction of mole crickets in Puerto Rico by the heron 
or gaulding. Agr. News, Barbados, B.W.L 12(298): 314. 

Note on Wetmore’s article on Useful Birds in Puerto Rico ab¬ 
stracted front the Experiment Station Record, June 1913. 

1915. Law and regulations pertaining to the importation of 
plants to the island of Puerto Rico. Plant Quarantine Regu¬ 
lations. Ins. Exp. Sta. P. R. Circ. 5:1. April 12. 
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1919 a. Analisis de insecticidas. Rev. Agr. P. R. 3(5) : 61-62. 

1919 b. Skunks and toads. Agr. News, Barbados, B.W.I., 18 : 
(458): 361. 

Mention is made of the abstract on p. 362 of the Kept. Div. Ent., 
Ins. Exp. Sta. P. R. for 1917-18, part of which refers to the pos¬ 
sible introduction of the toad, Bufo mannus L., into Puerto Rico. 

1919 c. Entomology in Puerto Itico. Agr. News, Barbados, B. 
W.I. 18 , (458) -.‘362-363. 

The Ann. Rept. Div. Ent., Ins. Exp. Sta. P. R. for 1917-18 is 
abstracted. 

1920. Estadistiea de los tanques de inmersion constrindos en 
esta isla hasta ;junio 30, 1920. Rev. Agr. P. R. 5(5) -.38. 

Data on results of use of dipping tanks for the cattle tick. 

1920. Quarantine department report on inspections and inter¬ 
ceptions, all ports and stations, for the quarter ending March 
31, 1920. QtrJy. Bui. Fla. State Plant. Bd. 4(3) : 102-103. 

A sp\<i iot us (h struct or intercepted 29 times on shipments from 
Cuba, Puerto Rico and the Isle of Pines. 

1921. Report of the quarantine department from October 1, 
1921, to December 31, 1921. Quart. Bill. State Plant Bd. 
Miss. 1(4) : 17-24., 4 tigs. 

Lcjtiifosafthcs beckii intercepted from Puerto Rim on orange. 

1923. Pests collected from imported plants and plant products 
from January, 1922 to December 31, 1922, inclusive. 

Alan othri.rus howardi on banana and A. floccosus on citrus foliage 
from Puerto Rico. 

1924. The effect of Mf linns mivut i flora on ticks. Ann. Kept. 
Ins. Exp. Sta. R. P. 1923-1924, pp. 102-103. 

Account of an investigation on the effect of molasses grass on the 
cattle tick. 

1924. Report of hearing held by the Federal Horticultural 
Board to consider the advisability of restricting or prohibit¬ 
ing the entry from Puerto Rico of fruits and vegetables into 
the United States. Jour. Dept. Agr. P. R. 8(1) : 46. (Issued 
August 1925). 

Reference is made to the West Indian Fruit Fly, AnastrcpJta 
fraterruhis Wied. and to the lima bean pod-borer. Mantra InttuiaU# 
Geyer. 
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*1925. Field studies and demonstrations in malaria control. 
Rockefeller Found. 11th. Ann. Rept Intern. Health Bd. 
1924, pp. 73-84, New York, January. (Abs. in Rev. Appl. 
Ent. B 14:51-52). 

Conditions in Puerto Rico reported on, including the comparative 
abundance of the 3 species of Anopheles present. 

1926. Studies of the malaria problem in Puerto Rico. P. R. 
Health Rev. 2(5): 22-28. (Abs. in Pub. Health Repts. 42 
(13): 897, Washington, D. C„ April 1, 1927). 

Influence of vegetation and small fisli on mosquito abundance. 

1927 a. Se introducen parasites del taladrador de la cana de 
azucar en Puerto Rico. Rev. Agr. P. R. 19(1) : 33. July. 

A Spanish translation of a review in Facts About Sugar of an 
article by L. A. Catoni in Jour. Ucpt. Agr. P. R. 10:252-254, 1910 
dealing with parasite introduction into Puerto Rico. 

1927 b. Insect pests of sugar cane (including utilization of para¬ 
sites). Proc. 2nd. Conf. Internal. Soc. Sugar Cane Technol., 
pp. 57-02, Havana, Cuba Sugar Club. 

A record of a preliminary meeting of the eommitlee for the section 
on insect pests of sugar cane at which there was a general discus¬ 
sion of borers, mostly Diatnua saccharalis Fab.; losses and the 
factors causing them for various countries arc discussed, among 
which it is stated that in Puerto Kico the infestation is inversely 
proportional to rainfall. 

1927 c. Studies of the malaria problem in Puerto Rico. P. R. 
Health Rev. 2(8) : 25-32. 

Malaria investigations in 1924 and 1925 which include notes on 
Anopheles e/rahhami Tlioo. and A. vrst.ipennis P. & K. 

*1927 <1. Studies in the malaria problem in Puerto Rico. P. R. 

. Health Rev. 2(10) : 27-32 and 2(12) : 25-31. (Abs. in Rev. 
Appl. Ent. B 16 p. 64 and in U. S. Pub. Health Rep. 42(39): 
2395 and 42(51) : 3142). 

Notes on the comparative abundance, numerical and seasonal, and 
biting and breeding habits of the 3 species of Anopheles present. 

1928 a, Algunas eonsideraciones sobre la industria apicola. Rev. 
Agr. P. R, 21(2): 56, 82. 

Notes on beekeeping in Puerto Rico. 



AN ANNOTATED BIBLIOGRAPHY OF PUERTO RICAN ENTOMOLOGY 


9 


1928 b. Sugestiones a los principiantes en apicultura. Rev. 
Agr. P. R, 21(4): 153, October. 

Brief suggestions on beekeeping. 

1928 c. Report of bureau of malaria control 1926-27. P. R. 
Rev. Pub. Health & Trop. Med. 3(7) : 279-286; 3(9):376- 
385. (Abstracted in Rev. Appl. Ent. 16: 239 and 209 re¬ 
spectively and the former also in U. S. Pub. Health Repts. 
43(30) : 1992-1993, 1928). 

Notes on the breeding and lmbits of the 3 species of Anopheles 
present. 

*1929. Report of bureau of malaria control 1929-27. Rept. 
Comm. Health P. R. 1929-27. pp. 92-95. (Ahs. in Rev. Appl. 
Ent. B 17: 218). 

Drainage problems dismissed: tests of durability of screening 
materials; Paris green at weekly intervals for Anopheles alhimanvs 
too infmjuent. 

1931. El Kotyojo del name del guineo. Bol. Agr. (P. R. Dept. 
AgrA 1(41:3-4. 

Brief report on the results of a survey of 3 districts to determine 
tin* amount of infestation by tin* banana root Aveevil. 

1932. Florida beetle put to test, curbing P. R. citrus post. 
The Produce Xews, dime 11, New York, front page. 

Brief note t>n original shipment of Australian lady booth's, Ttodolia 
cardinafis, to Puerto Rico by the Florida State Plant Hoard for the 
control of leerpa purchase on citrus. 

* Abad, Jose Ramon. 1885. Puerto Rico en la exposition do 
Ponce en 1882. Mcmoria redactada de orden de la Junta Pi- 
rcctiva de la misma, 351 pp. El Comercio, Ponce, P. R. (Re¬ 
ference from Colon, E. I). 1930). 

Suggestions for the proper on re of bees are given and it is stated 
that some of the people are engaged in beekeeping. 

Abbad y Lasierra, Fray Inigo. 1788. Ilistoria geografica, civil 
y natural de la isla de San Juan Bautista de Puerto Rico, 508 
pp. + X, Madrid. (Nueva Edicion, auotada en la parte histd- 
rica y continuada en la estadistica y economica por Jose Julian 
de Acosta y Oalho, Puerto Rico, 1866). 

Chapter 35 deals briefly with the natural history of the Island; 
on pp. 457-462 is probably the earliest general account of the more 
important groups of insects present with special reference to those 
annoying to man and animals; no scientific names are given. 
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Aldrich, J. M. 1905. A catalogue of North American Diptera. 
Smithsonian Miscl. Coll., part of Vol. 46, (1444), 680 pp. 

Records all West Indian species described thru 1903, including 
many from Puerto Rico. 

Alexander, C. P. 1912. A peculiar new crane fly from Puerto 
Rico. Psyche 19:63-66, 1 pi. 

Megislvnuifitix portoriemsis as a new genus and species. 

1913. A synopsis of part of the neo-tropical crane-flies of the 
subfamily Limnobiinae. Proc. IT. S. Nat. Mux. Vol. 44 
(1966) : 501. 

Mo7\fjoma niveilar&m as a new species from Puerto Rico. 

1914. A revision of the American species of Tanypremna 
Osten Sackon and Megistoeera Wiedemann. (Tipulidae, Dip- 
tera). Jour. N. Y. Ent. Soc. 22(3) : 216-217. 

Mcpistoccra longipevnis Macq. listed from Plant<» Rico on the 
authority of Roeder. 

1932. The craneflies of Puerto Rico. Jour. Dept. Agr. P. R. 
16(4): 347-387. 

Ashmead, W. H. 1900. Report on the aculeate Jlymenoptera 
of the islands St. Vincent and Grenada, with additions to the 
parasitic Hymenoptera, and a list of the described species of 
the West Jndes. Trans. Ent. Soe. London for 1900 Pt. 2 (July), 
pp. 207-368. 

Lists many species from Puerto Rico. 

Aube, Ch. 1844. Revision do la famille des Pselaphiens. Amu 
Soc. Ent. France, 2 Ser., Vol. 2, p. 120. 

Beiehcnbachia mcra listed from Puerto Rico (as Ib vaxisj. 

Aurivillius, Chr., Wagner, H. and Strand, E. 1911 to date. 

Jappidopterorum Oatalogus. Berlin. 

Forty odd Fascicles have appeared to date by various authors in 
which many species are listed as specifically occurring in Puerto 
Rico. 

Bague, Jaime. 1918. Extirpacion de la garrapata. Rev. Agr. 
P. R. 1(1 and 2): 81-85. (Also as Est. Exp. Tns. P. R. (lire. 
18, 12 pp., 1919.) 

Notes on the campaign against the cattle ticn. 
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1920. Annual report of the veterinary inspector. Ann. Rept. 
Ins. Exp. Sta. 1919-20, pp. 95-101. 

Report on dipping vats for cattle tick eradication. 

1921. La piroplasmosis o fiebre tejas. Ins. Exp. Sta. P. R. 
Giro. 45, 5 pp. 

Only reliable method for control of Texas fever in Puerto Rico 
is extermination of the cattle tick; the value of arsenical dips is 
discussed. 

1929. ^Garrapata o ganado? Seccibn espanola del Boletin de 
la Union Panamerieana, April. (From Pedreira p. 208). 
(Also in the Rev. Agr. P. R. 22(10) : 139, April, 8 figs.) 

A general account of the eattle tick problem with special reference 
to the situation in Puerto Rico and methods adopted for handling 
it there. 

Baldorioty de Castro, Roman. 1865. Mmnoria deseriptiva de 
la euarta feria y exposicibn piibliea de la agriculture, la Indus¬ 
trie y las belles artes de la is!a de Puerto Rico. By the Sec¬ 
retary of the Commission. San .Juan, P. K. ( Referenec from 
Colon, K. I). 1940, )>, 21, ref. no. 41. and p. Inti). 

At the fourth public exposition held in the Island in 1H(m Don Alejo 
Fernandez of Aguadilla exhibited wax and honey as the products of 
lioO hives of bees. 

Ballou, H. A. 1919. Root borers and other grubs in West In¬ 
dian soils. Imp. Dept. Agr. W. 1., Pamphlet Ser. No. 74. 

:?8 pp. 

Puerto Rican references: brief notes on Lachtio&lrrna .sp., p. 37; 
Diaprepca spenph ri listed as injurious, p. db; Lachnostt nut listed 
as injurious, p. .'17; Stratrpu,s titanus listed as injurious, p. JS. 

1915. Notes on Puerto Rico insects. Agr. News, Barbados, B. 
W. I., August 28, 14, (548), p. 282. 

Abstracts are given of P. R. lid. Conmi. Agr. Fire, b by Grossman 
and Wolcott on the changa ami of V. S. D. A. Bub H12 by T. II. 
Jones oil Vegetable Insects in Puerto Rico, both of which see. 

1910. Dangerous hard-barks. . Agr. Ncnvs, Barbados, 15 (35!M : 
42-43, 5 figs. 

The injury to sugar cane roots in Puerto Rico by Strata* (jus titanus 
is referred to. 
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Baly, J. S. 1886. Descriptions of uncharacterized species of 
Diabrptiea. Trans. Ent. Soc. London, Pt. 4, pp. 443-444. 

J). graminea described as a now species from Puerto Rico. 

Banks, Nathan. 1901. Some spiders and other Arachnida from 
Puerto Rico. Proc. U. S. Nat. Mus. 24:217-227, 1 pi. 

Report on a collection made by August Busck; 49 species of 
spiders and f> other arachnids treated, of which 4 species of spiders 
are described as new. 

1917. New mites, mostly economic (Araeh., Acar.). Ent. 
News 28(5) : 194, pi. 14, fig. 5 and pi. 15, fig. 13. 

Tctranychvs ant ilia r-um described as a new species from leaves of 
I,conotis nepetafolia and Asclcpias rurassiviva from Puerto Rico. 

1919. Antillean Isoptera. Bui. Mus. Oomp. Zoo). 62(10) : 
484-489. 

Nasutilcnn-cs creolina from Vieques Id. and P. R. and A. discolor 
from Culebra Id. and El Ynnque, both as new species (paratypos) 
and N . mono listed from Puerto Rico. 

Banks, N. and Snyder, T. E. 1920. A revision of the neurotic 
termites. IT. S. N. Mus. Bill. 108, p. 82. 

NasutiU rmes rostariccnsis Holing, listed from Puerto Rico. 

Barber, H. G. 1923. A preliminary report on the Hemiptera 
Heteroptera of Puerto Rico collected by the American Museum 
of Natural History. Am. Mus. Novitates No. 75, 13 pp. 

Several new species described. 

Barber, H. G. and Bruner, S. C. 1932. The Cydnidae and Pen- 
tatomidae of Cuba. Jour. Dept. Agr. Puerto Rico, 16(31 :231- 
284, pi. 25, fig. 1. 

Ccocm thus rerersus new species, type nnd paratypes from Mnya- 
* giiez, Rio Piedras and Isabela, P. R. 

Barrett, 0. W. 1902. The clianga or mole cricket. ( Scapteris - 

cus didactylus Latr.) in Puerto Rico. P. R. Agr. Exp. Sta. 
(Mayagiiez) Bui. 2, 19 pp., 1 fig. (Also a Spanish edition). 

1904. Control of the brown ant ( Solenopsis geminata Fab.) in 
orange orchards. (Also a Spanish edition). P. R. Agr. Exp. 
Sta. Circ. 4, 3 pp. 

Brief account of life-history, injuries and remedial measures. 



AN ANNOTATED BIBLIOGRAPHY OF PUERTO RIGAN ENTOMOLOGY 13 


1906. Report of the entomologist and botanist. Investigations 
in entomology and plant pathology. P. R. Agr. Exp. Sta. 
(Mayagiiez), Kept, for 1905, pp. 22-23. 

First record of Zayrammosoma multilineata Aslun. parasitic on 
tlic coffee leaf-miner; cotton leaf worm parasitized by Chalcis an- 
nukita Fab. 

1928. The tropical crops. MacMillan Co., New York, 445 pp. 

Many references thruout to the principal injurious insects of Puerto 
Pico. 

Barrow, E. H. 1924. White grubs, Lachnosterna sp., and larvae 
of the weevil root-borer, Diaprcpf s spengleri L., attacking sugar 
cane in the Guaniea district of Puerto Rico and methods for 
controlling them. Jour. Dept. Agr. P. R. 8(2) : 22-26. 

Baston, J. 1928. Produeiendo mosquitos. Rev. Agr. P. R. 
20(5):239 and 245. 

Notes on breeding and control of mosquitoes. 

Berger, E. W. 1921. Natural enemies of scale insects and 
whiteflies in Florida. Qrtly. Bui. Fla. State Plant Bd. 5(3) : 
147-148, fig. 18. 

Eumhjmnatus tes.se talus is recorded as being found infested by the 
fungus, Asehersonia cubensis , in material received from Puerto Rico. 

Bigot, J. 1877. Dipteres nouveaux ou peu connus. IX. Ann. 
Soc. Ent. France, Ser. 5, Vol. 7, p. 46. 

Lueilliu serniviolaeca as u new species from Puerto Rico (as Somo- 
myia ). 

Bishoff, Augusto. 1918. Extirpacion de la liormiguilla. Rev. 
Agr. P. K. 1(1 and 2): 38-42. 

Suggestions for the control of ants. 

Blake, Doris H, 1928. Notes on some West Indian Clirysome- 
lidae. Bui. Brooklyn Ent. Soc. 23: 93-98. 

l)ysonychia syilotrachcla as a new species from Haiti and Puerto 
Rico. 

Boheman, C. H. 1865. Monograpliia Cassididarum 3:333-334. 

Coptocycla glaucina as a new species from Puerto Rico. 

* Bovel, J. R. 1918. Report of the Department of Agriculture, 
Barbados, for 1916-1917, 62 pp. (Abs. in Rev. Appl. Ent. 6 : 
393). 

Stated that related species of Diaprepes and Phytalus , so trouble. 
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some to cane in Barbados, are on the increase in Puerto Rico and 
very injurious there. 

*Bovel, J. R. and cTAlbuquerque, J. P. 1917. Report on the 
sugar-cane experiments for the season 1915-1917. Dept. Agr. 
Barbados, 79 pp, 56 tables. (Abs. in Rev. Appl. Ent 6:58.) 

Varietal and manure experiments inconclusive because of severe 
injury by Diaprepes and Phy talus. Stated that in Puerto Rico the 
the cost for handpicking for their control in one small district was 
about $6,000 and yet they increased. 

*Box, H. E. 1924. Report upon a trip to Puerto Rico, April- 
July, 1924, 22 pp., Berbice, British Guiana, S. Davson & Co., 
Ltd., November (Abs. in Rev. Appl. Ent. 13:86). 

Record of a trip made to study the Tachinid, Lijraphaya diatraeae 
Towns., and to transport it into British Guiana ; notes on the principal 
sugar cane insects of Puerto Rico and their parasites, especially L. 
diatracac, including some observations on its distribution and inci¬ 
dence there. 

1925. Porto Rican cane grubs and their natural enemies, with 
suggestions for the control of Laniellicorn larvae bv means 
of wasp parasites (Scoliidae). dour. Dept. Agr. V. R. 9(4) : 
291-356. 

*1927 a. Notas sobre dos inseetos perjudiciales a las matas de 
cafe en Venezuela, 19 pp., 10 figs., 11 refs., Caracas, Camara 
de Comercio, March. (Abs. in Rev. Appl. Ent. 15:324). 

In discussing the green scale, Corn/. s riridis Green, in Venezuela it 
is stated that Ar:y<i orbiyna Mills., a well-known Goccinellid predaceous 
on various Goccids in South America, lias been sent to Puerto Rico 
for possible establishment. 

1927 b. Eleventh report upon entomological work, 24 pp., type¬ 
script. Central Aguirre, P. R., Central Aguirre Sugar (Jo., 
April 9th. (See abs. in Rev. Appl. Ent. 15:412-414.) 

A detailed account of n trip to South America during January- 
April, 1927 to make further introductions of Braconid parasites of 
Diatraca and Kcoliid parasites of cane grubs into Puerto Rico. Notes 
on Diatram and its parasites in Venezuela are given together with 
notes on conditions on Puerto Rieo that affect their introduction 
and establishment. (For another account of this trip see Catoni 
1927.) 

*1927 c. The moth borer problem in Barbados. A discussion 
and a recommendation. Dept. Sci. and Agr. Barbados, 5 pp., 
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multigraph, Barbados, March 25. (Abs. in Rev. Appl. Ent. 

15:430.) 

Refers to the occurence of Lixophaga diatracac in Puerto Rico as 
a ]>arasite of IHatrara sacrharaUs and states that this parasite has 
apparently readied the limit, of its effectiveness there. It is sug¬ 
gested that its introduction should )>e attempted from Puerto Rico 
into Barbados. 

1928 a. Observations upon Lixophaga diatracae Townsend, a 
Tachinid parasite oi* Diatraca saccharalis Fabr. in Puerto 
Rico. Bui. Ent. Res. 19:1-9, 1 fig. 

1928 h. The introduction of Bra coni d parasites of Diatraca 
saccharalis Fabr. into certain of the West Indian Islands. 
Bui. Ent. Res. 8(4):395-370, 1 pi., 2 figs. 

A further detailed account of the collection, rearing, shipment and 
introduction of Braconid parasites of Diatrara saceftaraUx F. into 
Puerto Rico as well as into Barbados, Antigua and St. Kitts. Stated 
that Mirrodu .s dial mrua Turner has already become established on 
tin* South Coast of P. R. ; present paper deals mostly with Jpobraenn 
gvrmifirnsis Aslmi. 

1931. 'flte (Ymnbine genera Diatraca and Xanthophcnic (Lep.. 
Pyral.). Bui. Ent. Res. 22:1-50, 5 pis. 

Dial rain saccharal i.s Fab., pp. 22-2b, synonymy, description and 
distribution, including Puerto Rico in its known range. 

Bradt, Schuyler. 1932 a. Notes on Puerto Rican blackfiies. P. 
R. .lour. Pub. Health & 'Prop. Med. 8 (1 ) : 99 81(2-11 ), 5 figs. 

Original observations on the habits and development of Shnulnun 
<{ttadririftatunt Loew with descriptions of its stages; brief notes also 
on S. hat matopotum L\v. and S. minuscuhtm Lutz. 

1932 h. Xota sobre la mosea negra en Puerto Rico. 1*. R. Jour. 
Puhl. Health & Trop. Med. 8(1): included in 69-81 (pp. 
12 14 of reprint). 

This is an abstract in Spanish of the preceding. 

Brau, Salvador. 1930. La colonization de Puerto Rico desde 
el deseiibrirniento de la isla hasta 3a reversion a la corona es- 
pafiola de low privilegios de Colon. San Juan, P. II., pp. 299- 
298. 

Brief references to great injury to bananas by ants in the early 
part of the lbth century; also to oranges and “ cahafistula ’ y ; it is 
stated that the ants were so bad in houses that the residents of 
Oaparra advanced this as one of the principal arguments for wanting 
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to move their city to the “Isleta”—the present site of the city of 
San Juan. 

Brau Zuzuarregui, Mario. 1922. Pajaros utiles y perjudiciales 
a la agricultura. Rev. Agr. P. R. 8(5&6) : 12-18, 27-32; 9(2& 
3): 25-31, 17-20, 11 figs. 

Brief account of the various insectivorous birds of Puerto Rico 
that should be protected, including several specifically mentioned as 
important enemies of Scaplc risen# victims , Diatraca saecharalis , Helio- 
this ob sol eta, Laphygmn frugiperda and of Phyllophaga ( Lachnos - 
terna) spp. 

1928. Divagaciones entomologicas. Rev. Agr. P. R. 21(6) : 211 
and 239-240, 1 fig. 

Brenner, Henry. 1916. Puerto Rico and its beekeepers. Am. 
Bee Jour. 56:380-381, 2 figs. 

1918. Puerto Rican beekeeping. Am. Bee Jour. 58:51-52, 4 
figs. 

Brief general account. 

Britton, N. L. 1930. Scientific survey of Puerto Rico and the 
Virgin Islands. Jour. N. Y. Bot. Card. 31:167. 

Brief note on entomological progress during winter and spring 
of 1929-30: 

1931. Recent scientific observations in Porto Rico. Jour. N. 
Y. Bot. Gard. 32:192. 

Brief note on the present status of the entomological part of the 
Sci. Surv. of P. It. and the Vir. Ids. and progress during winter 
and spring of 1930-31. 

Brown, F. Martin. 1929. A revision of the genus Phoebis (Le- 
pidoptera). Am. Mus. Novitates No. 368, pp. 8-9, 20. 

P. cubulc semme female form scnnalba described as a new form 
from Puerto Rico (a paratype). 

1931. A revision of the genus Aphrissa. Am. Mus. Novitates 
No. 454, p. 5, Feb. 9. 

A. godartiana Swainson mentioned as occurring in Puerto Rico. 

Bryant, 6. E. 1924. New species of phytophaga (Coleopt.) 
Arm. and Mag. Nat. Hist. Ser. 9, 41: 244-252. 

Galemcelki wolcotti described as a new species from Puerto Rico. 



AN ANNOTATED BIBLIOGRAPHY OF PUERTO RTF AN ENTOMOLOGY 17 

Brunner von Wattenwyl, C. 1865. Nouveau systeme des Blat- 
taires, p. 63. (Vienna). 

Anaplrcla dorsal in as a now species from Puerto Rico. 

1895. Monographic der Pseudoplivllidcn. Wien. p. ])1. IX. 
fig. 101. 

Pol panaistrus serndatns l\ be B. (Locustidae) listed from Puerto 
Rico. 

Brunner von Wattenwyl, C. and Redtenbacher, Jos. 1908. Die 

Insektenfamilie dor Phasmiden, pp. 057, 405. 

Dyme kruf/iana from the main island, Lamponinus bockl from Mona 
Island and Diaphvrodts lonpiscapha from the main island, all as new 
species. 

Burmeister, G. 1839. llandbueh dor Eutomologie, 2:753. 
(Berlin). 

P satis amvricana var. tjayafhina as a new variety from Puerto Rico 
buseki Rehn) Forliculidae. 

Busck, August. 1900. Notes on a brief trip to Puerto Rico in 
January and February, 1889, including a “List of Coccidae 
collected by Mr. A. Busck in Puerto Itieo. 1889” by T. Per- 
gande and T. I). A. Cockerell. l\ S Bur. But. But. 22 (N.S.), 
pp. 88-93. 

Butterweck, O. C. 1902. El eultivo del tabaco. Dept. Int, P. 
It., Neg. Agr. v Minas, Bol. Agr. 2 pp. 18-19. 

A Spanish translation of V. S. Farmers' H\il. Si! “The Culture 
of tobacco,’’ ISPS, which contains brief general directions for the 
control of the more important insect pests. 

del Campo, Alberto. 1923. La industria de la seda. Rev. Agr. 
P. R. 11(1) : 17. 

Camuiias, Manuel. 1919. Report of the Commissioner of Ag¬ 
riculture and Labor. 19th Aim. Kept, (low P. It. to Secy. War, 
Washington, D. C., 1919, Appendix IX, pp. 685-707. 

Notes are included on citrus insects and their control and on 
experiments in insect transmission of sugar cane mosaic. 

1921. A los agricultures de Puerto Rico y especialmente a los 
cosecheros de algodon. Rev. Agr. P. R. 7(3): 5-7. 

A note regarding pink bollworm control. 
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Carnes, E. K. 1912. Tnseetary division, report for the month 
of May 1912. Cal. State Comm. Ilort. Bui. 1(8): 398. 

Reports ('hrysomphafus aonidum Tj. and Lepidosaphvs beekii re¬ 
ceived from C. W. Hooker from Puerto Itico from which Aspulioti - 
pharfus ritrinus issued in considerable numbers but in a second ship¬ 
ment very few (‘itlinns issued. 

Carrion, Arturo L. *1927. Preliminary report on a rat and 
flea survey of the City of San Juan, Porto Rico. I*. R. liev. 
Pub. Health & Trop. IVTod. 3:131-145. (Reference and ab- 
s tract from Win. A. 11 off man). 

During the first year of Survey .‘WO live rats were trapped on 53.0% 
of which fleas were found; practically all were Xmos/isyUa eheopis 
with an occasional Ctenoer phalus and a few Echidnophaga gallinacca; 
‘‘eheopis index’’ for the year quite high 7.0.1. 

*1928. Preliminary report on a rat-flea survey of the City of 
San Juan, Puerto Rieo. Second paper. P. R. Rev. Pul). 
Health & Trop. Med. 4(2) :84-92, 7 charts. (Ahs. in Rev. 
Appl. Knt. 17:20). 

Covers period of duly 1927 thru June 192S; 53% of rats captured 
had fleas; of 2,COO fleas which were determined 99.5% were 
Xenopsylla eheopis Roths., the remainder being E. gaUincaeea, Ct. 
ranis or feh's, Pufr.r irritans and Le/ilapsiiHa scurf is Hchoiih. (innscuii 
Dug.) ; tin* flea index and eheopis index for tin* year wore practically 
the same—0.0. Mvs alexandrinns revealed tin* highest infestation 
for the year. 

*1929. Third report on a rat-flea survey of Ihe City of San 
Juan, Puerto Rico. P. R. Jour. Pub. Health & Trop. 
Med. 5(2) : 158-1 (hi, 7 charts. (Ahs. in Rev. Appl. Knt. B 
18:248; also by same title in Puh. Health Rept. 45(27): 
1515-1520, 7 charts, Washington, I). C.. July 4.) 

Xenofisylla eh< apis Roths, (over 500 per cent of total number 
caught ), Eehidnophnya gallinacca Westw. Ctr noccghalus ranis Curt. 

. or C. felis Beh. and Paler irritans 'L. found on 00 per cent of rats 

captured. 

*1932. Final report on a rat-flea survey of San Juan, Porto 
Rico. Publ. Health Repts. 47:193-201, Washington, 1). 0. 
(Reference and abstract received from Dr. Win, A. Hoff¬ 
man ). 

This survey includes 3 consecutive years of work, during which 
period a total of 1,005 live rats were captured; of these 72 per cent 
were classed as Hatfns norregieus and H. alexandrinus in proportions 
of 13 and 15 per cent respectively. Fleas were obtained from almost 
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57 per cent of the rats, the total number for the H years hiring 7,145 
or an index of 7.1 fleas per rat. Five species of fleas were encoun¬ 
tered but of these Xenopsylla cheopis composed 98.5 per cent of the 
total catch. The concentration of rats is heaviest at the water-front 
and in the residential sections while the flea index is highest at the 
docks (almost 14 fleas per rat) and in the commercial district (almost 
(> fleas per rat). 

Catoni, L. A. 1920 c/. Plagas de insectos que ataean a los ar- 

boles del genero citro en Puerto Rico y como combatirlos. Rev. 
Agr. P. R. 5(4) : 35-39. 

A brief popuhir account of 1 lie more important insects injurious 
to citrus in Puerto Rico and me thods of control. 

1921 b. Dos phtgas dc* algodon quo no quereinos on Puerto 

Rieo. Est. Exp. Ins. P. R. Dire. 41, 9 pp. 

Refers to the pink boll norm and the boll wee\il of cotton not 
found tip to that time in Puerto "Rico. 

1921 o. El gas hidrocianieo hjiiio agente fumigante. Rev. Agr. 
P. R. 5(7) : 27-2(i. 

1 Erections for the preparation and use of livdrocyanic acid gas. 

1921 d. Insootos quo ataoan al liombre. Rov. Agr. 1". R. 6*2) : 

47-49. 

Brief popular account of tin* more important insists aimo\ing to 
man in Puerto Rieo. 

1921 r. Insert ns <pie alaean ;il algodbn. Rev. Agr P. R. 6(3) : 
25-31. 

Brief popular accnunl of tlie more important rot ton insects in 
Puerto Rico. 

1921 /. Plagas de insect os que alaean la palma de coco. Rev. 

Agr. P. R. 7(3') : 21-25. 

Brief popular account of the more important insects attacking the 
coconut in Puerto Rico. 

1921 (j. Plagas de insectos (pie ataean la planta del tabaco. 

Rev. Agr. 1*. R, 7(5) : 45-50. 

Brief account of the more important tobacco insects in Puerto 
Rico. 

1921 h. A los eosechoros de algoddn on Puerto Rico. Rev. Agr. 
P. B. 7(6) : 25-26. 

Brief notes of information for the cotton growers concerning the 
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presence of the pink bollworm in Puerto Rico and an interception 
of the boll-weevil. 

1921 i. Plant, inspection and quarantine report. Ins. Exp. Sta. 
P. R. Bui. 27, 23 pp. (also a Spanish edition 25 pp.). 

1922 a, Infonne de las aetividades de la campaha de eradica- 
cion del gusano rosado en Puerto Rico llevada a cabo por cl 
departainento de agricultura y trabajo. Rev. Agr. P. R. 8 
(4) : 15-22. 

Notes on a clean-up campaign against the pink bollworm. 

1922 b . Plagas de insectos que atacan a las plantaciones de 
batatas. Rev. Agr. P. R, 9(3) : 25-28. 

Brief account of the more important .sweet-potato insects in 
Puerto Rico and their control. 

1922 c. Medidas para conibatir las plagas de insectos. Rev. 
Agr. P. R. 9(4): 33-36. 

Brief directions for the preparation and use of a few of the more 
impo rtai 1 1 insecti ci des. 

1922 d. Situacion existente de varias ])lagas de insectos de los 
Estados Pnidos. Rev. Agr. 9(4) : 43-45. 

1923 a. Aparatos apropriados para combatir las plagas de in- 
sectos. Rev. Agr. P. R, 10(1): 27-29. 

Suggestions for various types of spray machines for use against 
injurious insects. 

1923 b. Insectos que atacan a Jos aniniales doiucsticos. Rev. 
Agr. P. It. 10(3) : 35-39. 

Brief account of the more important insects attacking domestic 
animals with suggestions for their control. 

1923 c. Gorgojos que atacan a las liabichuelas y guisantes. 
Rev. Agr. P. R. 10(3): 49-51. 

Brief account of pea and bean weevils with suggestions for their 
control. 

1923 d. Las chinches harinosas y los metodos de combatirlas. 
Rev. Agr. P. R. 10(5): 35-37. 

Brief account of mealybugs affecting citrus, cane and other plants 
in tho Island and suggestions for their control. 

1923 e. El picudo del aguacate. Rev. Agr. P. R. 11(6) : 55-56. 

Brief account of the avocado weevil, Heilipus lauri, in Puerto Rico. 
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1924. Informe del servicio de inspeccion y coarentcna de plan- 
tas (1922-1923). Dept. Agr. P. R. 23 pp. 

1927. Informe del viaje verificado a Venezuela con objeto de 
introducir parasitos para eombatir el taladrador de la caria 
de azucar en Puerto \i\co. Rev. Agr. P. R. 18(5) : 252-254. 

Notes oil a trip to Venezuela with II. JO. Box to eolleet and 
introduce into Puerto Pico parasites of the sugar earn* borer. 

Caudell, A. N. 1903. A now roat'li from Puerto liico. Can. 

Ent.. 37(0 : 237. 

1 scbuoptcra aduxta, type a male from Arrovo, Felt. Is,SO (A. Busck). 

15107. On some Eorfieulidne of tlie Lniled Stat(*s and the West 
Indies, dour. N. V. Ent. Soe. 15(*5» : 1 OS. 

. 1 // isota bis mi mita ps a new speeies from Puerto Pirn. 

1912. Notes on tin* Maul id genus (touufisfa Sauss. Psyche 19 
(5) : H;0-l(i2. 

(tonal ista fr t ,cutu hi Thmiherg mentioned a^ ocrurring in Puerto 
Rico. 

Chamberlin, R. V. 1917. New spiders of the family Avieula- 

ridae. Uul. Mus. Comp. Zool. 61(3) -.39-40, pi. 2. fig. 7. 

('urtopliolis i><>: (oncac described as a now species from Puerto Rico. 

1922. Notes on West Indian millipedes, l’roe. I’. S. Nat. iMns. 
61, Art. 10. (2431) : 1-13. 

(mIohu t i<t< smus cancolor (Miami).. El Yuiujue BMW and I'rostf mini ulus 
com pressus Karseh, El Yumpie and Adjuntas. 1000, p. 1 ; Jtipinan- 
ho/ok trinithnit usis riiamb., San .luau, JSO.O and Urthoprus sculptu¬ 
ral us Karseh, Lares, 1800, p. «>; h’h iuocricrux arbort us hruaii Karseli, 
El Yumpie, M»no and /»’. urban us t/undl-acUii Karseh, El Ymique, 
Pueldo Viejo, Manati and Vega Baja, p. 0; M icrospi robot us rich- 
mondi now species, El Yumpie, 11,800 ft., 1000, p. Pi; Jticoih sums 
slcjnt th ri new genus and species, .El Yimquo, La Muda and Lares, 
p. LY 

Champion, G. C. 1898. A list of the davicorn Ooleoptera of 

St. Vincent, Grenada, and the Grenadines. Trans. Ent. Soe. 

London for 1898, p. 401. 

J’pcnomcrus t.rauitus Phew listed as occurring in Puerto Rico. 

Chapin, E. A. 1930. Canthonella , a new genus of Scarabeidae 

(Coleoptera). Am. Mus. Novitates No. 409, March 18, 2 pp. 

C. parva as a new speeies from Puerto Rico. 
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1982. Revision of the pleurostict Scarabeidae of Cuba and 
Isle of Pines. II. Rutelinae, Dynastinae, and Cetoniinae, 
Ann. Put. Soe. Am. 25(2) : 282-814, 8 pis. 

Ip/scinrlus picipes Bunn., pp. 293-294, described; the type locality 
staled as Puerto Rico; it is said to be common in this island. 

Chapuis, F. 1866. Monograph des Platypides. Mem. Soc. 
Royal des Sci. I4ege, 20: 181-182. 

Platypus srhaumi as a new species from Puerto Rico. 

Chardon, Carlos E. 1928. Report of the special pathologist. 
Ann. Kept. Ins. Exp. Xta. P. R. for 1921-22, pp. 61-68. (Also 
a Spanish edition, pp. 67-74, 1922.) 

A report on a study of the factors affecting the spread in the 
held of sugar cane mosaic, including periodic observations on all 
possible insect vectors made in 40 observation lields. 

1.924. Stahl. A.*iusthi. Rev. Afii\ l\ R. 12(2> :«S S4. 

A biographical sketch of the outstanding naturalist of Puerto Rico 
in which reference is made to his contributions Jo the knowledge of 
the insect fauna of the Island. 

Chardon, C. E. and Veve, R. A. 1928. The transmission of 
sugar cane mosaic by Aphis nwiriis under held conditions in 
Puerto Rico. Phytopathology 13(1 : 24 29. 1 fig. 

Chevrolat, L. A. A. 1864. Coleopteros de l isle de Cuba. Notes 
synonymies et descriptions dYspeces non voiles. Cimpheme up*- 
moire. Ann. Soe. Ent. Franco Sor. 4, Yol. 4. p. 41-1. 

PtumnnotliHs gracilis as a new species from Culm, Puerto Rieo and 
Guadeloupe. 

Chevrolat, M. Aug. 1876. Donne la description de Cureulioni- 
tes ])rovcnant des captures de M. le docteur Unndlaeli a File 
Porto-Rieo. Ann. Soc. Ent. France, Sor. 5, Vol. 6, Bulletin, 
pp. (227-22!)) CCXXVMI-CCXXVIX. 

Paclint'us rosripcs. La<hnopus triti neat us, Auchouus an//u(u:ollis , 
A Uriah us ( Knsrrlis ) srjmarulatus, and A n lhonomn< dentipf'n nis *is 
new species from Puerto Rico and 5 other species also listed as oo 
curving there. 

1877. Descriptions of new species of ITeteromera front the is¬ 
land of Puerto Rico collected by Dr. GimdJaoh. Bui. Soc. 
Ent. France, Sor. 5, Yol. 7:8-10. 

DiaatoUnus fnscicornis, Noiojrvs Ijipunctatus , It'menadia malano p- 
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tcra t Epirauta annuUcornis , E. obseuripeirnis and (hmvis penieulata 
as new species from Puerto Rico. 

Notojv. s' dentipruiris Ohev. cited by Oundhich and copied by Wol 
cotton page #5 of this “List 7 * is probably in error for N. bipunc- 
lulu# Phev. Hinoo there seems to he no reference to a species of this 

name other than by the two authors mentioned above 1 . 

Chittenden, F. H. 191 f>. The rice moth. IT. S. Dept. Agr. Bui. 
783. 15 pp. 

Puerto Rican records of Coreiira eepltunolica Staint, in rice sacks. 

Cintron, M., ami Marques, N. 1926. liesultados obtenidos en 
la demostraeion nmnoro 91 sohre ‘Wepresion del gorgojo del 
rmuz’\ Rev. Agr. P. R. 17:18, November. 

Resells of a demonstration in the control of the corn weevil. 

Clark, B. Preston. 1919. Sonic undeseribed ttpliingidae. Proe. 
New Png. Zool. (3ub. 6:100-101. pi. X. tig. 1. 

I'rot npa re hrnnfi.s I >rury war. smjiUii as a new subspecies from Rio 

Piedras, P. R. 

1!122. Twenty live new Sphintridae. Croc. New Kn«r. Zool. 
(.*lul), 8 : <S -!>. 

J .s<>(j i) ti f h ii > ithto.sii (I ml ■ \ar. irolenfh as a new \ariet\ I'mni Puerto 
Rico. 

Clark, Hamlet. I860, Catalogue of Haltieidae in the collection 
of the British Museum. > London C j>. 131. 

A<<hnon s t net fhnn as a new species from Puerlo Rico. 

Cockerell, T. D. A. lS!)f>. Aliswlhmcons notes on Coeeidae. 
Can. Knt. 27 CM : 2.'>:{-2(il. 

Aspiihnfus il< sinu tor Sinn- listed from Puerto on coconut palm as 
the first Poccid ri'nird for the Island. 

1910. S(>im* bees of the genus Augoehlora from the West In¬ 
dies. Proe. r. S. Nat. Mus. Vol. 37. ; 1717 i: 493. 

A iipoefthn a buselAi as a new species from Puerto Rico. 

1919. Bees in the eolleetiou of the I’nited States National 
Museum. -3. Proe. I . S. Nat. Mus. Vol. 55, t22641 p. 209, 

A papas! t limn radial ns porloriet lists as a new subspecies from Puerto 
Rico. 

Coll y Toste, Cayetano. 1914. A memoria in the Bolotin His 
torieo do Puerto Rico 1 : 303. 

In tliis memoria prepared bv Or. Poll v Toste he copies the Pedula 
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do Gracia (Decree of Grace) of August 10, 1815, Article 31 of which 
provides that the Governor of Puerto Pico establish a Quarantine 
against the introduction of ants and appointed two qualified persons 
to examine all incoming baggage, passengers and ships. This is 
probably the first quarantine in Puerto Rico against an injurious 
insect. (Leonard 1932 f. gives a translation of this decree in full). 

Colon, E. D. 1919 a. El sulfato de amoniaco como insecticida. 
Est. Exp. Ins. P. R. Eire. 15, 6 pp. 

Notes on the possibility of using sulfate of amonia in Puerto Rico 
for the control of white grubs in sugar cane and at the same time 
as a fertilizer. 

1919 b. Report of the director—Division of entomology, review 
of its work. Ann. Rep. Ins. Exp. Sta. P. R. for duly 1, 1917 
to June 30, 1918, pp. 29-59. 

An excellent review, presented in considerable detail, of the work 
of Division of Entomology from its establishment up to that time. 

1930. Datos sobre hi historia de la agricultura de Puerto Rico 
antes de 1898, viii + 302 pp., Oanlero Fernandez y Cij,, San 
Juan, P. II. 

Oil pp. .155-159 are notes regarding the introduction of bees into 
the Island and on apiculture based mostly on the writings of Ledru 
and of ,7. R. Abad. On pp. 227-232 brief reference is made to 
insecticides recommended and to several of the more important injuri¬ 
ous insects; these are mostly on the authority of Lopez. Tuero and 
Herrera, which see. On p. 270 are one or two brief quotations from 
.!. R. Abad on early (1857) attempts to produce silk in Puerto Rico. 

1931. Tnformc anna] del eoniisionado de agriculture y comercio 
eorrespondiente al ano fiscal 1930-1931. (Puerto Rico), pp. 
18-19, 95-109, 122-124. 

A brief review of entomological act ivies of the Insular Experiment 
Station and the Plant Quarantine Section during the period covered. 

Colon, Isidoro A. 1919 </. 1 used icidas y fungicidas. Est. Exp. 

Ins. P. R. Bol. 20:1-28. 

Chemical notes on some of the more common insecticides and a 
table of analyses of samples examined from different sources in 
Puerto Rico. 

Cook, Mel. T. and Dozier, H. L. 1925. Spraying citrus fruits 
in Porto Rico. Ins. Exp. Sta. P. R. Circ. 88:1-23. 

Coquillett, D. W. 1899. New genera and species of Nycteribi- 
dae and Hippoboscidae. Can. Ent. 31 : 333-336. 
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Aspdioptcra hwtckii as a now species and J’LcrrUip.sis aracncc as 
a new genus and species from Puerto .Rico. 

1900. Report on a collection of dipterous insects from Porto 
Rico. Proc. TJ. S. Nat. Mus. Vol. 22(1198) : 249-270. 

117 species in 79 genera are mentioned, of which 10 species and 
3 genera are described as new. 

1902. Now aoalvpfralo Dipt-cra from North America. -lour. 
N. Y. Ent. Sop. 10(4) : 190. 

A promym viriduhi as a new species from Puerto Pico. 

Cotton, R. T. 1917</. The eggplant lace-bug in Puerto Rico. 
Confthau‘a tiwnacha Stal. Jour. Dept. Agr. P. R. 1(3):170- 
173. 

Complete accuuni of iife-history, description of stages, natural 
enemies and control. 

1917 b. Life history of Haltica ;jamaic<'nsis Fabr. Jour. Dept. 
Agr. P. R. 1(3) : 173-175. 

1917 c. Scale feeding habits of a Porto Rican millipede: 
Rhinocricus arborrus Sanssure. Jour. Dept. Agr. P. R. 1 
(3 ) : 175-17b. 

A ante oik the t-oiisidt'raIde quantity of f.rpidosapht s h< ckU con¬ 
sumed by this millipede. 


1917 d. Las (pieresas v eonio eomhatirlos. Est. Exp. Asoc. 
Prod. Aziiear P. R. Cire. 9:1-7. Also in English as (’ire. 
9, Bd. i’onini. Agr. P. R. Exp. Sta., 7 pp. 

A popular article on the control of the more important scale insects. 

19.17 f. Report of the Assistant Entomologist. Ann. Kept. Ins. 
Exp. Sta. P. R. from 1st July to 30th June, 1917, pp. 106- 
122, 1 pi. 1 tig. 

Notes on insects affecting tobacco, citrus and vegetables, and di¬ 
rections for making oil emulsion for citrus. 

1918 a. Jnseetos que atacan las liortalizas en Puerto Rico. Rev. 
Agr. P. R. 1(3) : 119-131, 150-165, 198-212, 253-268. 

This is a Spanish translation of Cotton 1918 c. 

1918 b. Experimental work on the control of the white grubs 
of Porto Rico. Jour. Dept. Agr. P. R. 2(11 :1 -18. 
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1918 c. Insects attacking vegetables in Porto Rico. Jour. 
Dept, Agr. P. R. 2(4) : 265-317. 

The most complete account to date. 

1918 d. Medios para combatir los gusanos blaneos. Est. Exp. 
Asoc. Prod. Azucar P. R. Circ. 12:1-7. 

Control measures for white grubs in Puerto Rico. 

1922. Broad-nosed grain weevil. U. 8. Dept, Agr. Bui. 1085: 
1-10, 1 pi. 

(Uiulophilm latimisus Say mentioned as known to occur in Puerto 
Rico. 

* Cox, 0. H., Carrion, A. L., & Fox, C. 1928. Rat flea survey 
of the port of San Juan, Porto Rico—a preliminary report. 
Pub. Health Rept. 43(11): (J1 l-Glfl, 2 charts. ( Ahs. in Rev. 
Appl. Ent. B 16:163-164.) 

Results of the survey made 19-fl—11*27 and the species of fleas found 
and their comparative abundance. 

Crawford, J. C. 1913. Descriptions of new Ilyinenoptera. 
Proe. U. S. Nat. Mus. Vol. 45(0>: 244. 

(}<nuis[)is hool\<ri as a now species parasitic on .! mist r< pita fraler 
cutns in Puerto Rico. 

Crawley, J. T., Johnson, J. R., and Van Dine, D. L. 1911. Or- 

ganizacion de la est.acidn y cultivo de la eana de azucar en 
Puerto Rico, lusectos de la (‘ana y enfermedades de la cafia. 
Est. Exp. de ('anas de la Asoc. Prod. Azucar P. R.. 49 pp. 
Progress Pub. Co.. San Juan. 

Crespo, M. A. 1919. El comejen (Tennes sp.). Rev. Agr. P. 
R. 3(b): 35-38, 2 tigs. 

Brief general account with control measures. 

1920. En inseeto limy danino a las palmitas del eoeo. El es- 
* carabajo rinocerante (Strategics (/Uadrijoveatus). Rev. Agr. 
P. R. 4(3): 47-48. (Abstracted in l/Agrie. Colon., Florence, 
14(7) : 314-315, July 1920 under the title “Fn inset to molto 
dannoso al eoeeo in Portorico,” according to K(»v. Appl. Ent. 
8:451.) 

Brief general account with control. 

Crespo, M. A. and Catoni, L. A. 1920. Restricciones legaies al 
comemo de plantas en Puerto Rico. Est, Exp. Ins. Circ. 27: 
1-18. 
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Cresson, E. T. 1878. Descriptions of North American bees. 
Pr’oc. Acad. Nat. Sci. Phila., 1875, pp. 188 and 208. 

Anthophora kruf/ii and Mclisftndcn trifaseiata as now species from 
Puerto 'Pico. 

Cresson Jr., E. T. 19:50. Notes and descriptions of some neo¬ 
tropical Xeriidae and Micropezidae. Trans. Am. Ent. Soc. 
56: 350. 

Tnmioptf'ra (—('alohalo) Jascira Fab. recorded from several local- 
itios in Puerto Pico. 

Crossman, S. S. and Wolcott, G. N. 1915. (-omo dominar la 
changa. Est. Exp. A soc. Prod. Aziicar P. R. Tire. 6: 1-5. Also 
an English Edition. 

Control measures for tin* changa or West Indian mole cricket. 

Cuevas Zequeira, L. 1925. Apicultura. Rev. Agr. P. R. 
15(5 i : 229 220. Notes on beekeeping in Puerto Rico. 

Curran, C. H. 1920. Now Diptera from the West hides. Am. 
Mus. Novitatos No. 220. 1-1 pp., June 19. 

*2.-> new species in i i'amilies drsrribed from Puerto Pico. 

1927 a. New neotropical and oriental Diptera in the American 
Museum of Natural History. Am. Mus Novitate* No. 245, 
9 pp. 

o new species in I', families described from Puoto Pico. 

1927 I). New West Indian Taehinidae. Ain. Mus. Xovitates No. 
200, 15 pp.. March 19. 

1 now genera and Id new spoeies described from Puerto Pico. 

1928. Insects of Porto Pico and the Virgin Islands. Diptera 
or two-winged Hies. N. V. Acad. Sci. Sure. P. R. and Virgin 
Ids. lit!) : 1-118. 29 figs. 

Records about -7f> species from Puerto Pico, of which lb are de¬ 
scribed as new ; 1 new genus; a list is appended of species previously 

listed from Puerto Pico but not seen by the author. 

1920. New species of Diptera belonging to the genus Burcha 
Fabricius (Kyrphidne). Am. Mus. Novitntes No. 402, 14 pp., 
February 28. 

ttaccha <Icccjifar as a new species from Puerto Pico, St. 'Thomas 
ami St. Proix. 

1921 (f. First supplement to the Diptera of Puerto Rico and 
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the Virgin Islands. Am. Mus. Novitates No. 456, 23 pp., 4 

figs. 

I new genus and 9 new species included in a number of additions 
to the list for the Island. 

1931 b. New species of Chrysopilns from the neotropical region 
(Rhagionidae, Diptera). Am. Mus. Novitates No. 462, pp. 
4 and 7, March 17. 

Cljrysopilus viacnlaris and C. Iconardi as new species from Puerto 
Rico. 

Danforth, R. E. 1924. Notes on the life history of Disonycha 
laevigata Jacoby in Porto Rico. Jour. Eeon. Ent. 17(3) : 415- 
416. 

The duration and description of the stages mx* given for the first 
time. 

Danforth, S. T. 1926. Birds of the Cartagena Lagoon, Porto 
Rico. Jour. Dept. Agr. P. R. 10(1): 1-136, 45 figs. 

Contains many observations on insects eaten. 

1928. El dcpartamento de zoologia v entomologia | del Cologio 
de Agricultura e Tngenicria de la IJniversidad de Puerto 
Rico]. Rev Agr. P. R. 20(5); 230 and 245, 1 fig. 

Brief account of the plan of instruction in zoology and entomology, 

1929. Entomology'. Agr. Ext. Leaflet 4, Col. Agr. and Eng. 
Univ. P. E., 11 pp. 

Brief general statement of the subject, with special refereuee to 
Puerto Rico. 

Davis, Wm. T. 1928. The Cieadas of Puerto Rico with a de¬ 
scription of a new genus and species. Jour. N. Y. Ent;. Soe. 
36:29-33, 2 figs, and 1 pi. 

Proama hilari# Germar discussed and Borrncona ayuadilla de 
scribed as a new genus and species. 

Dewitz, H. 1877 a. Tagsehmetterlinge von Portorico, gesanu 
melt von Herrn Consul Krug. Stett. Ent, Zeit, 38:233-245, 
1 pi. 

'Hie earliest paper on Puerto Rican butterflies, with descriptions 
of new species and varieties. 

1877 b. Dammerungs—und Natehtfalter von Portorico, gesam- 
melt von Herrn Consul Krug. Mitteilungen des Miinchner 
Ent. Vereins 1:91-96, pi. 1. 

3 new species described from Puerto Rico (Lepidoptera). 
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1881. Hymenopteren von Portorieo. Perl. Ent. Zeit. 25 (pt. 
2) : 197-208, 1 pi., 12 figs. 

]] new species. 

Dexter, Raquel R. 1922. The food habits of the imported toad, 
Bufo marinus , in the sugar cane sections of Porto ilieo. Proc. 
Fourth Congress hit. Sue. Sugar Cane Technologists, (Pre])rint 
Bill. 74: 1-5), San Juan. 

A detailed study of the stomach contents of 301 specimens in¬ 
cluding identifications of most of the insects found. 

Diaz, ML A. 1925. liesultados do la demonstration numero 33. 
Exterminio de hormigas. Rev. Agr. P. R. 14(1): 38-39. 

A Brief record of the results obtained in a demonstration in the 
control of nuts in a tobacco seed-bed. 

Dikmans, G. 1927 a. Report of the parasitologist. P. R. (Ma- 
yagiiez) Agr. Exp. Sta. for 1925. 22-24. 

The horn ilv taken on animals from, the dry section and larvae 
of llfipodcrma found in imported cattle. 

1927 />. Report of the parasitologist. P. R. (iMayagiiez) Agr. 
Exp. Sta. Repi. for 1926, pp. 30-31. 

Note on baby chicks infested with the sticktight ilea, Echidnophaya 
and notes on lice on cattle and goats. 

1929. Report of the parasitologist. P. R. ^lavaguez) Agr. 
Exp. Sta. Repi. for 1927, pp. 27-28. 

Several external parasites of domestic animals and poultry recorded. 

Dodd, A. P. 1914. A new Proetotrypoid egg parasite from the 
West hides. (Hym.). Ent. News 25:350. 

]*hnnurus flanttt from the eggs of Or minis pijijmaca Fab. from 
Puerto Kico. 

Dohrn, Anton. 1860. Beit rage zu einer monographiseheu Bear- 
beitung del* Familie der Emesina (part 2). Linn. Ent. 4: 
226-227. 

Kmcsa varic-ornis and H'esiirmonnia trnerrinui as new from Puerto 
Rico. 

1863. Same title as above (part 2). Linn. Ent. 5:226-227. 

Westermannia tenerrima .Dohrn redescribod at greater length from 
Puerto Rico. 
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Dozier, H. L. 1925. An outbreak of the red-striped sugar-cane 

scale. Jour. Dept. Agr. P. 11. 9(4) : 357-267, 4 figs. 

Description of the various stages and notes on the parasites; 
Che Hour urns pulvinariac is described as a new species, hvperparasite 
on Aphycus flaws How. 

1926 a. Some new Porto Rican scale parasites (Ilymenoptera, 
Encyrtidae). Proc. Wash. Ent. Soc. 28(5) : 97-102, 4 tigs. 

M erect iella reticulata as a new genus and species and Fit aphycus 
portoricensis, new species from Asterolecanium pustulans and Acero - 
phatjas nuhilipennis, new species, from Pscudoeoccus adonidutn and 
P. eitri. 

1926 />. Some new and interesting Porto Rican Jeafhoppers. 
Jour. Dept. Agr. P. R. 10(3 and 4) : 259 265 (Date of pub¬ 
lication, Sept. 1927). 

Seven species described of which 3 are new. 

1926 c. Notes on Porto Rican scale parasites. Jour. Dept. 
Agr. P. R. 10(3 and 4) :267-277. 

Thirteen specie* treated of which - are non,'the remainder mostly re 
described. 

1926c/. Notes on Porto Rican Thvsanoptera. Jour. Dept. Agr. 
P. R, 10(3 and 4 ) : 279-281. 

Locality and food-plant notes on 9 species, of which apparently « r > 
had not before been recorded from Puerto U-ico— Frauidinothrips vrs- 
piforntts Uwfd., Ah mod of It rips fascipt unis Fkln., F. tritiei Pitch, Jla- 
plvthrijns mtri'illi Watson and lloplandi'othnps r< yn< i lTiesnor. 

1926 c. Annual report of the division of entomology. Ann. 
Kept. Ins. Exp. St a. P. R. for 1924-1925, pp. 115-124. 

Notes on the status of various injurious insoets. 

1927 a. An undescribed white fly attacking citrus in Puerto 
Rko. dour. Agr. Res. 34(9) : 853-855. 3 figs. 

Describes all stages of Jhirale-tirades uaranje and records 01.2% of 
tin' pupae as parasitized by Fnearsui rarinjata llow. 

1927 I). A new Kulgorid from Puerto Hico. Jour. N. V. Ent-. 
Soc. 35(1) : 53-54, 2 tigs. 

Hhynchoptcrx satin a from Guanica, Feb., 1925, on JJatis maritima , 
“ Lirio de mar . ,m 

1931. New and interesting West Indian Homoptera. Am. 
Mus. Novitates No. 510, 24 pp., 18 tigs. 
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New species from Puerto Rico: Nessorhinus fjrociloidt's (Mem- 
bracidae) ; Thionia borinqwcrisis, Colpoptvra maculata, N eocolpoptcra 
(new genus) port orient sis and S. inonticolens (Fulgoridnc). 

1932 a. Descriptions of new Trichogrammatid (Ilymenoptera) 
egg-parasites from the West hides. Proe. Ent. See. Wash. 
34(3) : 36—37. 

Cfens o.sborni from the eggs of JHaprrprs sprnpjrri nbbreviatus L. 
from Aguirre, P. it. 

1932 />. The identity of certain whitetly parasites of tlie genus 
Hretmoeerus Ilald., with descriptions of new species (Ily¬ 
menoptera: Apheliniuae). Proe. Enl. Soc. Wash. 34(7 ): 
112-118, 1 tig. 

E. port uric* n.st.s ms a n. sp. from Atrurut hri.rus /iocoxsus Masked 
at Ravambn ami C entral Aguirre, P. R. in linifi. Stated that, this 
is the species erroneously determined for the writer as E. radfornicus 
and recorded as an eflieient parasite of the woolly whitetly in Ins. 
Kxp. St a. ('ire. P. R. SS; 14, 11*2 A. 

1932 r. Two undeserihed chalcid parasites of the woolly white- 
fly, Alenrothrixns tloeeosus (Masked), from Haiti. Proe. 
Ent. Soe. Wash. 34(7) : 118-122. 

Emtirom phaft aft nn>th ri.n n. sp. from many males and female-* 
from Haiti; a single female from the same host at Central Aguirre, 
P. R., is thot to be undoubtedly tin* same species altlio the genera] 
n color is a shade deeper. 

Drake, C. J. 191s. Two new Tingids from the West Indies 

(11 cm.---11 eter, ). Ohio done Sei. 18(d) : 174—175. 

J,< pi o<br( i/o t<i nit* astir i rom Puerto Rieo. 

Dyar, H. G. 1907. 1 >cseriptions of some American mosquitoes. 

dour. N. Y. Ent. Soc. 15:13. 

CliUj' tou t ri Oval* A Knab is described as new from 1*. R. (---CuU .r 
svrutor Theobald,). 

1922. New American moths and notes i Hepidoptera). Ins. 
Insc. Men. 10(1-3) : 10-11. 

Apripodtx jucundclta (Noctnidne) from Puerto Rieo. 

1924. The male of Anopheles vestipennis Dyar & Knab (Dip- 
tera, Culicidae). Ins. Tnse. Men. 12(10): 171. 

Described from Puerto Rieo. 
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1928. The mosquitoes of the Americas. Carnegie Institute 
Pub. No. 387, 616 pp., 418 figs. 

AH species known to occur in Puerto Rico to date are redescribed. 

Earle, F. S. 1920. The cultivation of citrus fruits in Porto 

Rico. Ins. Exp. Sta. Circ. 26:16-17. 

Brief discussion of insect posts. 

1928. Sugar-Cane and Its Culture (Chapt. 6 “ Insect and Other 
Pests of Sugar-Cane” pp. 162-188, refs. 22.) pp. 355, fig. 24, 
John Wiley and Sons, New York. 

Earle, W. C. 1925 a. Malaria surveys in Porto Rico. P. R. 

Health Rev. 1(4): 12-18, October. 

fn part this is a brief report ou the malaria survey made 1919; 
it is stated that ** Anopheles albimanits would easily appear to be the 
most important vector, altho at certain seasons Anopheles grabhami 
and resiitipennis are quite abundant. 

1925 b. The relation of irrigation on cane fields to the malaria 
problem. Agr. Notes P. R. (Mayaguez) Agr. Exp. Sta., Of¬ 
fice of Farm Management, No. 21, 3 pp., 1 diagram. 

Incidence of malaria, breeding places for Anopheline mosquitoes 
and management of irrigation ditches discussed. 

*1926. Cane field irrigation and malaria. Sugar (Review) 28: 
384, New York, August. 

Listed in Pcdreira *s Bibliographia Puertorriquena, p. 115, but I 
have been unable to consult a copy of this volume of Sugar to ascer¬ 
tain its exact contents. 

1930. Malaria in Porto Rico. Am. Jour. Trop. Med. 10(3) : 
207-230, 8 refs. 

A good account of the situation; the 3 species of Plasmodium and 
the 3 species of Anopheles—alb imanns, grabhami, vestitipennis dis- 
" cussed in relation to the disease. 

1932. Notes on the life-history of Anopheles albimanus and 
grabhami . P. R. Jour. Pub. Health and Trop. Med. 7: 
381-384. 

1933. Some observations of antimosqnito screening and screen¬ 
ing materials. To be published in the March number of the 
P. R, Jour. Publ. Health & Trop. Med., Vol. 8 

Earle, W. C. and Arbona, Antonio. 1930. La malaria en Puerto 



AN ANNOTATED BIBLIOGRAPHY OF PUERTO RICAN ENTOMOLOGY 33 


Rieo. Oportunidad que se ofrece a los caneros coino de Jas ma- 
yores entidades que pueden eoadyudar a su restriction. Rev. 
Agr. P. R. 24(12) : 235-239. 

A general discussion of work both done and to be done in an effort 
to reduce malaria, especially in the South (‘oast sugar growing sec¬ 
tions, by means of proper local ion of workers’ colonies, drainage, etc., 
in order to reduce the possibilities of transmission by mosquitoes. 

Erichson, G. F. 1839-1840. Genera et species Staphylinorum 
inseetorum c'oleopterorum familae, pp. 79-910. 

Included within the range (if the above cited pages are 20 species 
distributed in IP genera described as new from Puerto Rico. 

Erichson, G. F. in Germar, E. F. 1843. Versuoh einer system- 
atisehen Eintlieilung dor Nitidularicn. Zeit. fur die Ent. 14: 
245. 

Colastvs htfinuts Kr. as a new species from N. Am., Puerto Rico 
and Brazil (-- pttrux trancalux Randall). 

Fauvel, Albert. 1895. Notes svnonymiques. Rev. d’Ent., 14: 
106. 

Olibru. s' par A. \ar. t rilharus rhevr. mentioned as occurring in Puerto 
Rico (as Euj t stux t nlhucux ). 

Faxon, Richard and Trotter, C. P. 1932. Plant quarantine 
service in Porto Rico. dour. Ec.on. Ent. 25( 3): 435-447. 

A detailed historical account with notes on the principal insects 
quarantined against and on the mole important species injurious to 
several of the leading crops. 

Felt, E. P. 1913. Three new gall midges (l)iptera). Can. Ent. 
45(9):304-305. 

Karschamyia card and .1/ ycodiplosis in.whir is described from Puerto 
Rico. 

3914. Arthrocnodax eon strict a n. sp. Jour. Eeon. Ent. 7 
(6) : 481. 

Reared from garden beans A probably predaceous on Tctrani/chus 
bimanilatufi , T. Jl. Jones Coll., Rio Picdras. 

1932. A new cambium miner of citrus in Puerto Rico. Jour. 
Dept. Agr. P. R. 16(2) : 117-118. 

Asynapta citrinac reared by G. N. Wolcott at Isabela, 1931. 

Fernald, Mrs. M. E. 1903. A catalogue of the Coccidae of the 
world, Amherst, Mass., pp. 259-260. 

Aspidiotus forbesi listed as occurring in Puerto Rico. 
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Fernandez de Oviedo, Gonzalo. 1535. Historia general y natu¬ 
ral de las Indias. 

Fifty volumes published of which Book 16 and some chapters of 
others relate to Puerto Rico; included in the Bibliotoca Hist6rica de 
Puerto Rico by Tapia, which see. 

Ferris, G. F. 1922. Notes on ("occidae IX. Can. Ent. 54(7) : 
160-161, fig. 4. 

Crtiploslifjma (J*xrudophil!ipia) inquilina on In pa lamina described 
from Puerto Rico as (■. inpae uo\v species. 

[de la Ferte-Senectere, M. F. 1848. Monographic des Antliicus 
et genres voisins, eoleopteres heteromeres d(* la trihu des Tra- 
ehelides. p. 157. Paris. 

"Wolcott on |>. 85 of his “Just' 1 states that the type of Anthums 
ricinus is given ns “ ‘America borealis 1 from Puerto Rico” but an 
examination of the original description does not show any mention 
of Puerto Rico or any such delinite locality.) 

Figueroa, C. A. 1924. Demonstraeiones Agricolas. P. R. Dept. 
Agr. y Trak, Div. Fonmnlo (-ire. 3, pp. 1 -65, several ligs. 

Notes oil demonstrations in tin* control of the sweet potato weevil, 
(\t/la,s for mica rins, j>|>. JO J5, on tobacco insects, pp. 20-J8, 50 on 
tlit' changa, tira/tlcriscns ririnnx, p. JO, on onions and on tobacco, 
p. 51, and on insects affecting stored seeds, pp. 5J-5(i. 

192()c/. Demostraeiones agrieolas, 1924-25. Represion de (‘lifer- 
medades y plagas. l>(‘pt. Agr. y Trah. P. II. Pin*, de !<V 
mejit.o No. 7: 107-138. 

This chapter outlines methods and results <»f a number of demon¬ 
strations in the practical control by the oflicial Agricultural Agents 
of a number of the more important crop pests in tin 4 Island. 

1926 b. Algmios prohleioas agrieolas de Puerto Rieo y sus solu- 
eioues. P. R. Dept. Agr. y Trah.. Div. Fomento, ("ire. 8, pp. 
1-32, several plates. 

"Notes on demonstrations on the control of the sweet potato weevil, 
Cylas formirarius , the banana root-weevil. (Uwinopolitcx sordidns , and 
the cattle tick. 

Fischer, von W. G. 1888. Drei none Antlionomus. Berl. Ent. 
Zeitselir. 32(2) : 487-489. 

Anthonomm lerugii, A. niprornriepatus and A. annulipes described 
from Puerto Rico. 


Fisher, W. S. 1918. (Ihrysobothris tranquibaricus Gmel. ver- 
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sus impressa Fabr. (Coleoptera. Buprestidae). Pr'oc. Ent. Soc. 

Wash. 20(8) : 174 and 176. 

Chrttsoholhrut fralrrnn Mann described from Puerto Rico in Bui. 
Hoc. Imp. Moscou lOfS) : 75-70, ]8,T7 is listed as a synonym. 

1025 a. A revision of the West, Indian Coleoptera of the family 
Buprestidae. Proe. TT. S. Nat. Mus. Yol. 65, Art. 9(2522): 
1-207. 

Actimrorit nt fiundlachi. |). 45, ('hrifsobothris u'olcotti, p. 119, and 
Taphroc< n\x ch an ns, p. 187 described as new species from Puerto 
Rico. 

1925 />. New West Indian Oemmbycidae ((-oleoptera.). Sub¬ 
family Lamiinae. Am. Mus. Novitates No. 174, 16 pp., 
May 28. 

[j<i>h>st plus rniHdluchi and b. a nt iljonnn as new species from Puerto 
Ric. 

1926. Descriptions of new West Indian longieorn beetles of 
the subfamily Lamiinae. Proe. V. S. Nat. Mus. Yol. 68. Art. 
22 f 2623') : 15-16. 

Lt ptoslijlns Ionffii'onus a new specie'* from the I us, Exp. Stii., 

lPo Piedras, P. R. 

1930 a. Notes on tin* rhinotraginae beetles of the family Ceram- 
bveidae, with descriptions of new species. Proe. 1\ S. Nat. 
Mus. Yol. 77, Art. 19(2812>:1-20. 

. I res utiruh it(<t Kirhv n corded fmm Puerto Rico is prob 

ably Hie species recorded as olnhmiino ! is by (Rdian and lr\ Long & 
Mutchlor and mentioned in Wolcott V 41 List ’ \ 

1990 h. Now West Indian Buiivostidao f ('olooploi-al. Croc. 
Wash. Kill. Soc. 92(7):12S-129. 

XcolracL jjs ImO’nunn described from Puerto Rico. 

1932. New West Indian (Vrainbycid beetles. Proe. U. S. Nat. 
Mus. 80 (Art. 22) : 1-93. 

HrUtanr.Ua (new ^enus) ehanhmi, Kburia pnrtoricensis t Elapiiidion 
portoricaisls, Stir (>•'•*'a can: iraJinrrnbnrfii , TillocJptus mivntns, Lam- 
procli/tux t'lt (/<ms (new menus'), and Eriini.s nouns and E. flavus de¬ 
scribed as now from Puerto Rico. 

Fletiaux, Ed. 1897. Liste des Eucnemidae du musee de Berlin 

et description dcs especes nonvelles. Ann. Soc. Ent. Belgique 
41: 256. 

Arrliipis lanieri Guer. listed from Puerto Rico. 
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Folsom, J. W. 1923. A new Lepismid from Puerto Kico. Proe. 
Ent. Soc. Wasli. 25(7-8) : 169-170, pi. 14, figs. 1-8. 

C l cn o l c j> is m a rt •duct a . 

1927. Insects of the Subclass Apterygota from Central America 
and the West Indies No. 2702. Proe. IJ. S. Nat. Mus. Vol. 72, 
art. 6, pp. 1-16 pi. 8. 

Salina wolcotti and Lcpidocyrtus nigrosvtosus described. 

Forbes, W. T. M. 1917. Notes on West Indian Syutomidae 
and Arctiidae (Lepidoptera). Bui. Am. Mus. Nat. Mist;., Art. 
14, 37:339-345. 

Lymirc srnrsmis as a. now species (--- L. /lav troll is DeW.) from 
Puerto Kico; Eunomia colurnlrina (F.) recorded from Puerto Kico; 
variation in l't(th(isa ornatrix L. is discussed. 

1930. Insects of Porto Rico and the Virgin Islands. Ileter- 
ocera or moths (excepting the Noetnidae, Ceometridac and 
Pyralidac). N. Y. Acad. Sci. Surv. P. R. and the Virgin Ids. 
12(1) : 1-171, 2 pis. 

One hundred seventy-four species are treated, mostly Puerto Kican, 
of which (> new species and 1 new race are described from Puerto 
Rico; keys to tin* families, genera and species are given. 

1931. Supplementary report on the lJeterocera or moths of 
Puerto Rico. Jour. Dept. Agr. P. R. 15(4) : 339-394, 6 pis. 

Four new genera and .'17 new species included. Also reprinted 
without change of title or pagination as a supplement to the preced¬ 
ing title. 

1932. The ruhidella group of Aristotelia. Jour. N V. Ent. 
Soc. 40(4) : 423-433. 

Aristotelia /Holerlla and A. rar/abwndvlla mentioned as having been 
described from Puerto Kico. 

Forbes, W. T. M. and Leonard, M. D, 1930. A new leaf-miner 
of cotton in Porto Rico. Nepticula gossypii new species. Jour. 
Dept. Agr. P. R. 14(3) : 151-157, 2 pis. 

Distribution, life-history, description of stages, nature of injury 
and suggestions for control. 

Frost, S. W. 1931. New species of West Indian Agromyzidae 
(Diptera). Ent. News 42:74-75. 

Agromym ipomeai described as a leaf-miner of sweet potato in 
Puerto Kico. 
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Funkhouser, W. D. 1930. New genera and species of neotro¬ 
pical Membracidae. Jour. N. Y. Ent. Soc. 38:413-414, pi. 23, 
fig. 12. 

Spinodarnoidcs (ifpus described ns a new genus and species from 
Puerto Rico. 

Gahan, A. B. 1915. Descriptions of new genera and species, 
with notes on parasitic Trymenoptera. Prpe. U. S. Nat. Mus. 
48:1-165. 

Viaulinus insular is (Kulophidae) described from Puerto Rico as 
parasitic on Af/romyza inacqualis Malloch. 

1927. Miscellaneous descriptions of new parasitic Ilymenoptera 
with some synonymical notes. Proc. l\ S. Nat. Mils. 21 
(Art. 4, No. 2676) : 1-39, 1 pi., 3 figs., 8 refs. 

lla rihula described as a neu species from Ahuroddrus sp. 
in Puerto Rico. 

1930. Synonymical and descriptive notes on parasitic Ilymcn- 
optcra. Proc. P. S. Nat. Mus. Yol. 77(Art. S. No. 2831 ): 
1 11 . 

T< h nohni.s .>plinifj<s Asliiii. roared from the egg*- of rhh'yrthonlins 
si.rhi .lull, hv \V. V. Tower at Purabn. P. R., {previously determined 
by .1. t\ <Ya\vi'ord .os T. iwouhcornis ). 

1932. Miscellaneous descriptions and notes on parasitic' IIw 
menoptera. Ann. Lnt. Sot*. Am. 25< 4736---757. 

Apihtfi^* >th r itnil tt,s Asm. mentioned as occurring in Puerto Rico, 
p. 7.‘i7 and Grotkisomyio nigricans How, recorded as received thru 
tin 1 P. (,). A <\ A. bred from ( Lamgmw ma Ucdyh [da indicala. the 
bean loaf webber, from Puerto Rico. 

Gahan, C. J. 1S95. On tin* longieorn Coleoptcra of the West 
India Islands. Trans. Enl. Soc. London, pp. 79—140, 2 j>ls. 

A number of Puerto Rican records including F.buria bindosa as a 
new species from Puerto Rico. This is possibly a synonym of L. 
quad) i nmctda la P. 

Gerstaecher, Carl E. A. I860. Die Arten der Oattung Lissomus 
Dalrn. Linn. Ent. 14:169. 

J)ra petes eholylwcus described as a new species from Puerto Rico 
(as Lissomus). 

Gibson, E. H. 1917. Two new species of Dicyphus from Porto 
Rico. Can. Ent, 49(6) : 218-219. 

1). prasinwt and I>. luridus. 
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Oirault, A. A. 1916. Descriptions of miscellaneous chalcid-flies. 
Insec. Jnscit. Men. 4(11-12) : 111-113. 

Eurytoma ctenodactylomyii and Neoealolaccu# Hvii as now species 
from Puerto Rico. 

Gomez, J. C. 1928. La vaquita de la eafia. Rev. Agr. P. R. 
20(5) -.238 and 256. 

Brief popular account of Diaprcycs .ipniyleri in Puerto Rico. 

Gonzalez, Manuel. 1924. Resultados obtenidos en urm deinous- 
tracion cuvo proposito fue controlar la elianga y el gusano prieto 
del tabaeo en una plantacion. Rev. Agr. P. R. 13(6) : 403. 

Gonzalez Rios, Policarpo. 1920. Cultivo del banano en Puerto 
Rico. Esl. Exp. Ins. P. R. Mol. 25, 27. 

Brief note on injury of VhyUoplwpti- and Via prcprs injury to the 
banana in Puerto Rico; stated that insects are not very injurious. 

1921. El cultivo del coeotero on Puerto Rico. Ins. Exp. Sta. 
P. R. Eire. 35:1-20. 4 figs. 

The insert enemies of tin* coconut in Puerto Rico include the scales 
Asjddiolns (Instructor and YhmouUx nlvt\if*ro and the rhinoceros beetle. 
St rotary us quadriforcalus ; brief account with control. 

1922. El gorgojo de banano. Rev. Agr. P. R. 9(6) : 39-42. 

Brief popular account of the banana root weevil, ('nsmopolilc.s $<,r- 
didus, in Puerto Rico. 

1923. E! gusano del cogollo de la yuett. Rev. Agr. P. R. 
10(4):45-46. 

Brief popular account of the cassava or yuca shool borer, J.oiu'hnni 
chalyhra Wied. in Puerto Rico. 

1930. Cultivo del banano en Puerto Rico. Est. Exp. Ins. P. K. 
Mol. 36:47-51. 

Brief discussion of the root-weevil and other insects attacking th*‘ 
< banana in Puerto Rico with suggestions for control. 

Gonzalez Rios, P. and Mayoral Reinat, A. 1931. El cultivo del 
aguacate en Puerto Rico. Est. Exp. Tns. P. R. ( 'ire. 93:30-31. 

Brief account of the more important insects affecting the avocado 
in Puerto Rico. 

Gould, H. P. 1904. lndicaciones practical sobre el cultivo de 
frutas. Dept. Fnt. P. R., Neg. Agr. y Minas, Mol. Agr. 19, pp. 
5-22. 
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A Spanish translation of l T . S. Farmers’ Bui. JGJ “Practical sug¬ 
gestions for fruit growers,’’ 1902. This contains a discussion of 
spraying for the control of insects and diseases and descriptions of 
special uses of the various types of spray machines. 

Gundlach, Juan. 1887, 1891 and 1894. Apontes para la fauna 
Puerto-Riqnena. Ann. Sec. Espan. Hist. Nat. 16, 20 and 22. 
Part 8 of tlie whole deals with insects starting' on p. 137 of 
Vol. 16 with the various orders as follows: 

1887. Vol. 16: 139—IdO, Orthopfcra; 150 174: Hymenoptera ; 
174-199. Dipl era. 

1891. Vol. 20 : 323- 384, Lepidoptera. 

1894. Vol. 22:261-273, Neuroptera ( inch Odonata) : 274- 
287, Jleiniptera ; 287-344, (^oleoptera. 

No new species are described but many scattered biological notes 
are included. 

de Haan, Willem. 1842. Bijdragen tot de Keiinis dor Orthop- 
tera. Verhand. de \atur. Besch. drr Xederl. ()vcr/e(*seli. Bezitt. 
etc., Orthoptera, p. 102. Leiden. 

According to Wolcott*** ‘‘last’* on p. 2.’* I-iartt rm ctilunms ( Pha>- 
midae) is described from Puerto tiro as a new species. t fail to 
find any mention t»f' this species in this work. />. xjiivoxus Bunn, is, 
however, listed from Puerto Kico. 

Hall, Maurice. 1929. Parasites <h*l ganado cn America Latina. 
Rev. Agr. P. R. 22(8): 56 and <9): 117. 

A general account <d’ tlte principal external and internal parasites 
of animals in Latin America, including control measures; several ol‘ 
of the more impoitant insect pests such as cattle ticks, and tin* horn 
fly of cattle an* biiefl\ mentioned on p. (10 **pecifieal!y as being trouble¬ 
some in Puerto Lien. 

Hampson, Geo. F. 1898-1920. Catalogue of tin* Lepidoptera 
Phalaenae in tin* British Museum. 13 Yols. and 2 Suppls. 

'file abow- are all that ha\e been publisher! to date and include 
flu* Syntomidae, Aretiidae, Agaristidae (only 1 species in Fuerto Kico), 
ami Noctuidae, (in part, about t wo-thirds). There are descriptions 
of many species specifically stated as ocurring in l'neito Kico. 

Harris, H. M. 1!)2H. A monographic study of the hemipterous 
family Nahidae as it occurs in North America. But. Am. 9 
(N.S.) (1 and 2): 77-78. 

Carthaxis yrarilia Harris liste<l from Puerto Kico. 

Hebard, Morgan. 1916. Studies ill the group lsdinopterit.es. 
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(Orthoptera, Blattidae, Pseudomopinae). Trans. Am. Ent. S’oc. 
42(4) : 367, p]. XVIII, figs. 14-17. 

Symplocc flagcllata as a new species from Puerto Rico (Blattidae). 

Henricksen, H. C. 1906 a. Vegetable growing in Porto Rico. 
P. R. (Mayagiiez) Agr. Exp. Sta. Bui. 7:18-20, 2 figs. 

A brief general account of insect pests: two classes of insects- 
bitiug and sucking affecting vegetables; the formulae for several of 
the standard insecticides are given and two types of small sprayers 
are suggested. 

1906 b. Report of the jiorticulturalist. Insect pests. P. R. 

(Mayagiiez) Agr. Exp. Sta. Kept, for 1905, pp. 27-28. 

Brief notes on several scales, June beetles, and ants with suggestions 
for control. 

1930. Citrus culture in Porto Rico. P. R. (Mayagiiez) Agr. 

Exp. Sta. Bull. 33: 27-30. 

A brief general account of the more important citrus insects and 
their control. 

Henricksen, H. C. and Iorns, M. J. 1909. Pineapple growing 
in Porto Rico. P. R. (Mayagiiez) Agr. Exp. Sta. Bui. 8, p. 38. 

The mealybug, Pscutloeocnis brfvipr /* Cklh, and its .attendant ant 
are mentioned ; tobacco dust is recommended. 

Hernandez, Elias 1925. Repression del pulgon am aril] o de la 
cana. Resultado de las dcmostrncioncs Nos. 12 y 13. (Oontri- 
Imcion de la Division de Foiueuto Agricola'). Rev. Agr. P. R. 
14(6) : 358-360. 

Notes on a demonstration for 1 lie control of the yellow cane aphis, 
Sipha flora, with nicotine dust at San (Jermdn. 

Hernandez, Elias and Ramirez Lopez, Carlos. 1925. Represidn 
de la oruga de la lioja del algodon. Demostracion No. 3. (Con- 
trihueidn de la Division de Fomento.) Rev. Agr. P. R. 14(1) : 
43-44. 

Better results obtained in the control of the cotton leafworm by 
arsenate of lead dust, than by spray. 

Herrera, Antonio de. (1565-1625). Historia general de las In- 
dias. 

This work comprises 8 “decadas” the first to the fifth referring 
to Puerto Rico. Decada 2, libro 3, chapter .14, pp. 110-112, year 
1538 refers to the ant plague in Hispaniola (Santo Domingo) and 
in San Juan, Puerto Rico, and the remedy therefore, 
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Hinds, W. E. 1903. El bisulfuro de carbono como insecticida. 
Dept. Interior. P. K. Neg. Agr. y Minas, Bol. Agr. 17:19-40. 
San Juan, November. 

A translation of IT. S. Farmers’ Bui. 145, 1902 on “Carbon bi- 
sulfid as an insecticide. 

Hoffman, Wm. A. 1925. A review of the species of Culicoides 
of North and Central America and the West Indies. Am. Jour. 
Hygiene 5(3) • 285-289. 

(7. phlcbotom ux Will, and ('. furors Poey recorded from Puerto Rico. 

1927. A container for field collection of mosquito larvae. 
Science 00: 484, 1 tig. 

Description and diagram of the container. 

1932. leery a purchasi in Puerto Pico. Jour. Econ. Ent. 25 
(3) : 72fi. 

Brief note of its occurrence on cnsnarinn (Australian pine) in San 
.hum proper. 

Hoffman, W. A., Marin, R. A. & Burke, A. M. B. 1928. Fi- 
lariasis in Porto Rico. P. It. Rev. Pub. Health & Trop. Med. 
4( 3') : 120- 127. 1 inti]). (Abs. in Rev. Appl. Ent. B 17:1151. 

Preliminary results of surveys lit 21 localities; Cuh:r faUpons found 
in all localities examined but scarcer in higher altitudes. 

Holloway, T. E. 1915. Fighting the sugar-cane borer with 
parasites and poisons. Reprint from the Louisiana Planter 
and Sugar Manufacturer. December IS. 

Reference is made to Wolcott’s observation that borer infestation 
in Puerto Ivico is inversely proportional to the amount of rainfall. 

Holloway, T. E., Haley, W. E. and Loftin, U. C. 1928. The 
sugar-cane moth borer in the United States. U. S. Dept. Agr. 
Tech. Bui. 41, 76 pp., 1 pi. and 25 tigs. 

Several references are made to Diatraco xaccluiralis Fab. in Puerto 
Rico. 

Holloway, T. E. and Loftin, U. C. 1919. The sugar-cane moth 
borer. U. S. Dept. Agr. Bui. 746, 74 pp., 9 pis., 12 figs. 

On pp. 25—26 Wolcott’s observations in Puerto Rico on rainfall and 
borer abundance are again referred to. 

* Holmer, E. and Little, L. L. 1921. Porto Rico, beehive and 
orchard. Travel 36:22, January, New York. 
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Hood, J. D. 1913 a. Two new Thysanoptera from Porto Rico. 
Insec. Inscit. Men. 1(6) : 65-70, 1 pi. 

Ilctcrothrips sericatus as a new species and Podothrips scmiflavus as 
a new genus and species from Puerto Rico. 

1913 b. On a collection of Thysanoptera from Porto Rico. 

Insec. Inscit, Men. 1(12) : 149-154, 1 pi. 

Dinurothrips hookeri as a new genus and species from Puerto Rico. 

1914. Two Porto Rican Thysanoptera from sugar cane. Insec. 

Inscit, Men. 2(3) : 38-41.' 

HeUothrips (?) tibialis as a new species and notes on U. femoralis 
Reuter. These are both in Wolcott's “List’ 1 on p. 239 under Tlaplo- 
ihrips. 

Hooker, C. W. 1912. The Ichneumon flies of America belong¬ 
ing to the tribe Aphioninae. Trans. Am. Ent. Koe. 38:144, 
pi. IT, fig. 13. 

Ere mot plus angulalus as a new species from Puerto Kicu. 

1913 a. Report of the entomologist. P. R. (Mayagiiez > Agr. 

Exp. Sta. Rept. for 1912, pp. 34-38. 

Notes on insect pests of coffee, mango, citrus and sugar cane and 
on apiculturej distribution of two Ooeeinellid beetles— Cryptolaemu * 
montrouzeri from Km Piodrns to Mayagiie/, and Ifippntfainia conver¬ 
ge wt introduced from California; also of the occurrence of the papya 
fruit fiy, ToJotrypana cun icanda at Mayagiiez. 

1913 b. Entomological eonferenees in Porto Rico, Jour. Econ. 

Ent. 6:148-150. 

A brief report on two conferences of the workers iu entomology in 
Puerto Rico; an annotated list is given of the 9 papers read at the 
second conference, presented by as many individuals, which summarize 
the progress on several of the ma jor projects under investigation. 

Hottes, F. C. and Frison, T. H. 1931. The plant lice, or Aphii- 
dtfo, of Illinois. Hoi. T)i\. Nat. Hist. Surv. III. 19, Art. 3, 
p. 174. 

Sipha flora Fbs. stated as being frequently a serious pest of young 
sugar cane in Puerto Rico. 

Howard, L. 0. 1930. A history of applied entomology. (Some¬ 

what Anecdotal). Smithsonian Miscl. Poll. 84 (Whole Vol¬ 
ume). Publ. 3065, pp. 457-460 and 523. 

A. brief resume of applied entomology in Puerto Rico on pp. 457- 
4<j(>; on p. 523 are brief notes on parasite introductions. 
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Howard, L. 0., Dyar, H. G. and Knab, Fred. 1912-1917. Mos¬ 
quitoes of North and Central America and the West Indies. 
Carnegie Institute of Washington Publ. No. 159 ; 1: 1-520, 1912 ; 
2, 150 pis. of 711 figs.; 1912; 3:1-523, 1915; 4:524-1004, 
1917. 

All the species, old and new, known to occur in the territory covered, 
including Puerto Pico, are herein described. 

Hutson, J. C. 1917 a. Some weevils of the genus Diaprepes in 
the West Indies. Agr. News. Barbados, B. W. 1. 61(398) : 180. 

Diaprepes doublcri, spengleri and abhrcviatus listed as occurring in 
Puerto Rico. 

1917 b. White grubs injuring sugar cane in Porto Rieo. Agr. 
News, Barbados. B. W. I. 16(397 >: 21 S 219 : < 39*) : 234 . 
(399 > : 250-251. 

The paper by K. <». Smyth on white grubs injurious to eane in 
Puerto Pico in dour. Dept. Agr. I*. R. ] < 2 i, 1917 is abstracted at 
some length. 

1917 c. Sugar cane white grubs in Porto Rieo. Agr. News, 
Barbados, B. W. I. 16(404) : 330-331. 

Ahstraet of 1 lie coatimiation <d‘ the above paper b\ Smyth in dour. 
Dept. Agri. P. R. DID, 1917. 

Iches, M. Lucien. Date? La abeja domestiea. p. 368. 

< ’oldu, E. D. 19.91, in foot mile No. li on page Ids says that it is 
here stated that the nrst bees iinported into Pmrlo Rico and Cuba 
were Affix inelhfica but that later there were imported into North 
America the Italian and Egyptian races. 

niiger, J. C. W. 1807. Monographic dor Elateivn mil leueh- 
tenden Fleeken auf deni Ilalssehilde. .Mag. (Jesellschat't. Nat. 
Freund. Berlin 1, p. 149. 

Ppropliorus Ih m inoxtix described as a new species from Puerto Rieo. 

Jacoby, Martin. 1SSS. Biol. Centr. Am. Coleoptera, 6, Pt. 1, 
pp. 616-617. 

('erotoma raficorais Oliv. listed from Puerto Rico. 

Javiere, Clemente. 1932. Enl’ermedades y pi a gas que atacau 
al platano. Bol. Agr. (P. R.) No. 30, p. 3, March 5. 

Brief note on injury and control of the banana root weevil, ('osmo- 
politea sordid us. 
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Johnson, H. A. 1926. Occurrence of Anopheles vestipenms in 
Porto Rico. Am. Jour. Trop. Med. 6(2): 153-155. 

First record of larva and adult male obtained during investigations 
in 1924-1925 with notes on seasonal abundance of the species. 

Johnston, J. R. 1915. The entomogenous fungi of Porto Rico. 
Bd. Comm. Agr. P. R. Bui. 10, 33 pp., 9 pis. 

.Descriptions of the species known to be present with notes on them 
and on the insects which they are known to parasitize in Puerto Rico. 

Jones, T. H. 1913. Some notes on Laphygina frugiperda S. & 
A. in Puerto Rico. Jour. Econ. Ent. 6(2) : 230-236. 

1914. Additional notes on Porto Rican sugar-cane insects. 
Jour. Econ. Ent. 7:(6)461-463. 

P>rief notes on determinations of specimens l»v various specialists and 
on svnonomy of several species. 

1915 a. Aphides or plant-lice attacking sugar-cane in Puerto 
Rico. Bd. Comm. Agr. P. R. Bui. 11, 19 pp., 2 figs. 

1915 b. La mariposa-barreno del tallo do la caha de azucar 
(Diatraea saeeharalis Fabr.i. Junta do Com. Agr. P. R. 
Bol. 12 , 31 pp., 6 figs. 

1915 c. The sugar-cane weevil root-borer (Diaprepcs spengleri 
L.). Bd. Comm. Agr. P. R. Bui. 14:1-19, 11 figs. 

1915 d. I nsects affecting vegetable crops in Porto Rico. U. S. 
Dept. Agr. Bui. 192 (professional paper). 11 pp., 4 pis. 

General account of more important species concerned with control 
measures. 

1911 <x. A list of the Ooccidae of Porto Rico, flour. Dept. Agr. 
P. R. 1(1) : 1-16, 26 references. 

Notes on the food-plants and distribution of 50 species are given. 

1917 b. The sweet-potato leaf-folder. [T. S. Dept. Agr. Bui. 
609:1-12, 4 figs. 

Pilocrons trijnwctala V. mentioned on p. 2 as injurious in Puerto 
Rico. 

Jones, T. H. and Wolcott, G. N. 1922. The caterpillars which 
eat the leaves of sugar cane in Porto Rico. Jour. Dept. Agr 
P. R. 6(1) : 38-50, 10 figs. 

Seven species of caterpillars do minor leaf-injury to sugar cane 
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leaves, of which notes and original observations are given for six of 
these. 


J. R. 1928. Destruction do los insect os por medio del petroleo. 
Rev. Agr. P. R. 11(4) : 19-21. 

“Brief general directions for the use of petroleum emulsions for 
the control of various groups of injurious insects. 

Kellogg, Vernon L. 1905. American Insects, p. 161, fig. 230. 

Mention made of the losses caused by the “changa” or Porto Rican 
mole cricket in Puerto Rico. 

King, w. w. 1917. The epidemic of dengue in Porto Rico, 
1915. New Orleans Med. Surg. dour. 49(8) : 564-71. (Abs. in 
Rev. Appl. Knt. Ser. II. 65:91.) 

(■ulex and Aedes, Hit' common mosquitoes in San Juan, were espe¬ 
cially numerous at the time of the epidemic. 

Kinman, C. F. 191s. The mango in Porto Rico. P. R. (Ma- 
yagiicz) Agr. Exp. Sta. Pul. 24:1- 20, 11 pis. 

A tlirips ami the fmit-lly, A JUistreplm fratcrutUis, stated to be the 
only insects of importance; recommends enclosing fruits in paper 
bags for the control of the latter. ( Abs. in Rev. Appl. Ent, G: 392). 

Klots, A. B. 1929. A revision of the genus Eurema Iliibner. 
Knt. Amer. 9(2), n. ser.. p. 122, fig. 

K. pvrtorict nxis Pewit z mentioned as occurring only in Puerto Rico. 

Klots, Elsie Broughton. 1982. Insects of Porto Rico and the 
Virgin Islands. Odonata or dragon flies. N. V. Acad. Sei. 
Surv. P. R. and the Virgin ids. 14(1): 1-107, 7 pis. 

Thirty-eight species treated as occurring in Puerto Rico; none new. 

Knab, Fred. 1915. Some West Indian Diptera. 1 use. Inscit. 
Men. 3(4) : 48-49. 

Tabanus liookcri as a new species from Mayagiiez, 1 male and 1 
female, collected by Van Zwaluwenburg. 

Koch, C. 1842. Die Aracliniden, 9:66-67, pi. eeex, fig. 732, 
88-84, pi. ccuxvii, fig. 744. 

My pale laeta, p. (>6 and Ayieitlaria (as My gale) eacsia as new species 
from Puerto Rico. 

Kolbe, H. J. 1888. Die geographisehe verbreitung der Neurop- 
tera und .Pseudoneuroptera der Antillen nebst ciner l bersieht 
fiber die von Herrn Consul Krug auf Portorrico gesainmelten 
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Arten. Neuroptera v. d. Sammlung von Herr Krug. Archiv. 
fiir Naturgeschichte, 46th year, 1(2) : 153-178, pi. 13, 11 figs. 
An important paper on Puerto Rican Neuroptera. 

1907. IJeber die Arten der Amerikanischen Dynastidengattung 
Strata egus. Berl. Ent. Zeit. 51(1906) : 1-32, 1 pi., 8 figs. 

8. q-uadrifoveaPus on p. 21 and 32 and 8. iiUinus on p. 31 listed from 
Puerto Rico.. 

1910. Ueber die Phileurinen Amerikas. An. Sot*. Ent. Bel¬ 
gique 54:341. 

IfomophiUnrus qnadril nhn'culat w? 1*. <le B. listed from Puerto Rico. 

Kruger, Wilh. 1899. Das Zuekerrohr und seine Kultur mit 
besonderer Berueksiebtigung der Verbalttiisse und Untersueh- 
ungen auf Java, p. 312. 

In a foot-note Delphax saccharivora Westw. is listed from Puerto 
Rico. 

- Kudo, R 1930. Studies on Mieosporidia parasitic in mos¬ 
quitoes. viii. On a MiscoNporidian, Nosrma acdis nov. spec., 
parasitic in a larva of Acdcs arffcntcus (avyupti ■) of Puerto 
Rico. Archiv. Protistenk. 49(1): 23-38, 2 ]>ls., 47 refs. Jena, 
Jan. 15. (Notice by title in Rev. Appl. Ent. B 18:87). 

Lacordaire, J. T. 1845. Monographic des coleoptcvcs subpen- 
tameres de la famille des Phyto])liages, Vol. 1. Mem. Hoc. Roy. 
Sei. Liege 3: 355-356. 

Lcma i>o!tf<t described as a. m*w species from Puerto Rieo. 

Langston, J. M. 1923. The tobacco leaf-folder of Porto Rico 
attacks tomatoes in Mississippi. QtJy. Bid. State Plant Bd. 
Miss. 2(4) : 7-9. 

Notes oti the discovery of Pachyzanrta pcriusalis Wlk. in Miss, in 
Oct., 1022 and on its activities in Puerto Rieo. 

Lathy, P. I. 1899. Monograph of tile genus Calisto Uubner. 
'trails. Ent, Hoc. London, Part 2, pp. 221-228, pi. IV. 

(■alifito nubila described as a new species from Puerto Rico. 

Ledru, Andres Pedro. 1810. Viajc a la Isla de Puerto Rico en 
el ano 1797. Paris. 2 Vols. 

Forty-six species of insects listed from the Island. This is the 
earliest recorded collection of insects from Puerto Rico. Of those 
listed Wolcott indentiiies 10 species in his “List M and states that 
the probable identity of many of the rest can be guessed. 
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*Leefmans, S. 1915. De cassave-oerets. [The cassava grubs]. 
Dept. Nijverlieiri, Landbow en Handel.—Med. van het Labora- 
torium voor Plantenzeikten, No. Ill, 118 pp., 7 pis., 4 tables of 
curves. (Abstract in Rev. Appl. Ent. 4:82-84). 

In the discussion of natural enemies reference is made to attempts 
which had been made to obtain beneficial parasites from Puerto Rico 
but which were unsuccessful. 

LegTand, J. F. 1921. El gusano rosado del algodon (Peclino- 
phora (fossij})i<Ua) . Rev. Agr. 1\ R. 7(11): 9-15. 

Brief general account of tin* pink bollwonn. 

1922. Notas de in teres. Entoniologia. Rev. Agr. P. R. 10(4) : 
49 50. 

Notes on tin* sweet potato wce\il and tin* cotton pink bollworm. 

Leng, C. W. and Mutchler, A. J. 1914. A preliminary list of 
Hie Foleoptcra of the West Indies as recorded to January 1. 
JD14. Bui. Am. .Mils. Nat. Hist. 33 (Art. 30> : 391-493. 

Main species listed from Puerto Rico. 

191b. Descriptive catalogue of West Imlian ('icindelinae. Bui. 
Am. AIus. Nat. Hist. 35 (Art. 3b) : (iSl-699, pi. 1, 5 tigs. 

Five species occurring iji Puerto Rico tnated; none new. 

1917. Supplement to preliminary list of the Foleoptera of the 
West Indies. Bui. Am. Alus. Nat. Hist. 37 (Art. 5» : 191-223. 

1922. The Lycidae, Lampyridae and Cant liaridae (Tele- 
phoridae) of the West Indies. Bill. Am. Mils. Nat. Hist. 46 
( Art. 8): 413 499, 65 tigs. 

Sown species described as new from Puerto Rico. 

Leonard, M. D. (See also under Forbes 1930, Mills 1931, and 
Pemberton 1932). 

1930 a. An unrecorded food-habit of the large tobacco suek-tly 
in Porto Rico. Jour. Eeon. Ent. 23(3) : 640-641. 

Brief note on injury to tobacco blossoms by 7 fyephua lurithut Gibson. 

1930 />. A little-known root-weevil of cassava (('odosicruus sul¬ 
cal ulus Boeliman). Jour, Dept. Agr. P. R. 14(3) : 159-165, 
1 tig. and 3 pis. 

(Notes on injury and description of stages with a redescript ion of 
the adult of this rare weevil. 
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1930 c. Plagas de insectos de la eual esta libre la cana en 
Puerto Rico. Rev. Agr. P. R. 25(2): 62-63, 93-94. 

A summary of the distribution, life history, injury and control of 
several important sugar cane insects not as yet occurring in Puerto 
Rico. 

1930 d. Recomendaciones para combatir las plagas que afec- 
tan on Puerto Rico al cultivo del algodon. El Mundo (San 
Juan), Oct. 14, pp. 3, 9, 11. Reprinted under the same title 
in Rev. Agr. P. R. 25(4) • 135-136, 163-164. Also issued in 
mimeographed form by the Ins. Exp. Sta. as “Notas”. 

Suggestions for the control of the more important: cotton insects in 
Puerto .Rico. 

1931 a. Entomology in Puerto Rico during the past decade. 
Jour. Econ. Ent. 24(1) : 141-151. 

19316. Lepfoglo.ssus gonagra Fab. injuring citrus in Porto 
Rico. Jour. Eeon. Ent. 24(3) : 765-767. 

1931 c. A bibliography of the banana root weevil. Jour. Dept. 
Agr. P. R. 15(2) .*147-176. 

Two hundred fifteen titles, annotated, on the world literature of 
CosmopoMrs sordidus. 

1931 d. Report of the division of entomology for the fiscal year 
1929-30. Ann. Kept. Ins. Exp. Sta. P. R. for 1929-30, pp. 
110-123. 

Notes on insects of sugar cane, the banana root weevil, a citrus 
insect survey proposed, on cotton insects and silk worm culture; a 
brief insect pest survey for the year is included and cooperation with 
tlio Scientific Survey of P. R. A the Virgin Ids. as wadi as other 
projects referred to. 

1931 e. Insect conditions in Porto Rico during the fiscal year 
ended June 30, 1930. Insect Pest Sure. Bui. 11(1): 33-37. 

1931 /. Insect conditions in Porto Rico during January and 
‘ February, 1931. Ins. Pest Surv. Bui. 11(2) : 76-78.] 

1931 g. Insect conditions in Porto Rico during April 1931. 
Ins. Pest, Sur. Bui. 11(4) : 235-238, June 1. 

1931 h. Insect conditions in Porto Rico during May, 1931. Ins. 
Pest Surv. Bui. 11(5) : 317-319, July 1. 

1931 i. Insect conditions in Porto Rico during June, 1931 . 
Ins. Pest Surv. Bui. 11(6) : 409-412, August 1. 
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1933 j. Insect conditions it] Porto Rico during July, 1931. 
Ins. Pest Surv. Bui. 11(7) : 492—494, September .1. 

1931 /»'. insect conditions in Porto Rico during August, 1931. 
ins. Pest Surv. Bui. 11 (K) : 574-577, October 1. 

1931 l. Insect conditions in Porto Rico during September, 1931. 
Ins. Pest Surv. Bui. 11 (9) : 642-645. 

1932 a. The initiation of an insect pest survey in Porto Rico. 
Jour. Dept. Agr. P. R. 16(1): 59-64. 

1932 b. The pink boll worm of cotton in Porto Rico. Jour. 
Dept, Agr. P. R. 16(1) : 65-73. 

A rather detailed account of the present status of the insect. 

1932 e. Additional references to the bean lacebug. Jour. Dept. 
Agr. P. R. 16(1) : 75-76. 

Additions to flu* bibliography in tin* paper in this Journal by 
Leonard and Mills, 1931. 

1932 </. Insect conditions in Puerto Rico during the fiscal year 
July, 1931 thru June, 1932. Jour. Dept. Agr. P. R. 16(2). 

A number of species added to the list for tin 1 Island in various 
groups. 

1932 c. Thrips injury to citrus and roses in Puerto Rico. 
Jour. Kcon. Knt. 25(4) : 934-935. 

The first identification of t he blossom thrips of citrus —Franklin icila 
xnsularis Frank., F. cuhcn^Ls Hood and F. ditfUiiis Hood are the spe¬ 
cies involved; the one attacking ruses is F. instdaris. 

1932/. An early quarantine in Puerto Rico. .Jour. Eeon. Ent. 
25(4) : 930-931. 

Translation of a royal decree from Spain of August 10, isin against 
the entry of ants supposedly the bibijagua. Atta insularis (bier, into 
the Island. 

1932 fir. Notes from annual report on insect conditions in Porto 
Rico, July 1, 1930 thru June 30, 1931. Ins, Pest Surv Bui 
11(10) : 682—685, February 1. 

1932/?, Insect conditions in Porto Rico, October 1, 1931 to Jan¬ 
uary 31, 1932. Ins. Pest Surv. Bui. 12(11:36-38, March 1. 

1932 i. Insect conditions in Porto Rico during February and 
March, 1932. Ins. Pest Surv. Bui. 12(3) : 121-123, May 1. 
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1922j. Insect conditions in Puerto Rico during April and 
I\lay, 1922. Ins. Pest Surv. Bui. 12(4 ) : 185-180, dune 1. 

Tlu* tit It 1 is in error si nee records for April only are included. 

1932 /.-. Insect conditions in Puerto Rico from January 1 to June 
JO, 11)22. Ins. Post Kurv. Bui. 12(D) : 405 -408. 

Brief notes on the status of a number of more or less injurous 
species. 

1932/. The cottony cushion scale in Puerto Rico. Jour Econ. 

Knl. 25(5) : 1102-1107. 

A brief account of the discovery, spread, foodplants and control 
of In fifa purchase Mask, in Puerto Rico. Natural enemies in the 
Island are also discussed, most important of which is tin 1 Phorid 
fly, Syncura cocciphiln Uoq.; the introduction of the Australian lady 
beetle, ffodnha nh’<! null is Mil's., is especially noted. 

JD22 a. Notes on the giant toad, llufo marinus E., in Puerto 
Rico. Jour. Econ. Ent. 26(1J : 67-72. 

(leneral distribution, life history and food-habits with special 
reference to Puerto bit >, ami successful sliipments of live loads to 
Honolulu from Puerto Rico art* dismsM'd. 

1933 5. A Braconid parasite of a DoeeinelJid new lo Puerto 
Rico. Jour. Econ. Ent. 26(1):294. 

Brief note on the occurrence of Ho mot ylus ft rminalia, Bay, heavily 
parasil i/.ing pupae of ( yciimrda stinpinma !.. predaceous on the 
yellow cane aphis, Sipha flam Fbs. 

1933 r. Notes on insert conditions in Puerto Rico for the fiscal 
year, July 1D21 thru June 1932. In press for tin* April 
number Jour. Dept. Agr. 1* .R. 17(2). 

Leonard, M. D. and Mills, A. S. 1921 a, A preliminary report 

on tho lima bean pod-horrr and oilier legume pod-borers in 

Porto Rico. Jour. Econ. Ent. 24(2) : 466-473. 

Notes on the distribution cV food plants of Mantra hstalalls (lever, 
JCUclla zincJi'cneHa Treiy, Fumlclla ciaUpvnnis Dyar and Jirachyacma 
palpigvra Wlsm. and on parasites of two of these; among ft other 
borers noted Ancyloslom :<t stnuomi Ze.l, was new to the Island. 

1921 1). Observations on tin* bean laerJmg in Porto Rieo. 
Jour. Dept. Agr. P. R. 16(3) : 309-322, 1 iig. 2 pis., July 
(September actual date of issue). 

Distribution, economic importance, food-plants, description of stages 
and control of Corythucha gossypii Fab. with an annotated bibliogra¬ 
phy of 44 titles. 
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Leonard, M. D. and Sein, Jr., F. 1931. The papaya fruit fly 
in Puerto Rico. Jour. Be on. Ent. 24:331-332. 

Results of a survey to determine the distribution of Toorotrypona 
citrri cauda Gerst. in tin* Island. 

1932. Observations on some factors which may a fleet rim 
abundance of Dint rat'd sarcharalis in Porto Rico. Proc. 4th 
Congress inf. Soc. Sugar ('anc Techs., (Preprint Pul. No. 92: 
1-2), San Juan, P. R. 

Leveille, A. 1907. Etudes sue la famillc dcs Ternnochilides. 
Ann. Soc. Ent. France 76:401 402. 

T*‘inin>rhiln pnrlorictusis deseribed as a new species from Puerto 
Rico. 

Lewis, G. 1*88. Hioj. (Vnl. Am. Foleoptera. iiisteridae. 2(7) : 
208. 

. , i, i its tin f ilia m hi M arson 1 listed as occurring in Pnerlo Rieo. 

Linnaeus, Carolus. 1707. Systema Naturae, Ed. 12, 1:807. 

The oriemal description i»t I' a, pi/r f it mu juifp<ut/ t as Spltin.r) from 
St. Thomas. l>r. \Y. T. M. l*'oi*i>**s believes that since thh has not lieeu 
recorded 1 rom St. Tlmiii;b lor lot) vears tin ty;>e specimen probahP 
ready eame from Puerto Ki<<> as tin speeds i.- well known there. 

Loew, H. 1Sf>l. Resellmining cinigei- nruen Tipularia terri- 
eola. Liniica, 5:390 397 and 401 102. pi. 2. iigs. 9-12. 

tlrrannni iitu raft sr* ns i a*' .tpurosu) ;iml I'n.corh ■ an /, aaih.s a v lieu 
species I''rom Puerto Giro. 

Lopez Dominguez, F. A. 1920. Fa preparaeibn de la disolu 
eidn arsenical para el rvirrininio <le la garrapala. Est. Exp. 
ins. p. R. ('ire. 24. 12 pp. 

hired ions for the pvopnr.it ion of tin- aiseniral dip for the eiadicu 
t.ion of the cattle ti<*k. 

1927. In forme annul del director de la estueidn experimental 
insular, Rio Piedras, 192b-2(>, 02 pp. 

Notes on cane grubs. including suggested parasite introduction and 
the importation of the toad. JUifa marinas L , from Jamaica for their 
control; the sugar cane root caterpillar (incorrectly called Sufrtula 
ynnnaUs Schaus) j the banana root-weevil and several citrus insect, 
including notes on Anastreplm f ratrrcuhis which it is stated does 
not infest citrus in Puerto Rico. 

1932. La Kstacion Experimental Insular, sus labores y resul- 
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fades aleanzados. El Africa I tor Puertorriqueno 12(5):25- 
27 and 41-42, San Juan, March 15. 

Brief account on p. 127 of the chief entomological accomplishments 
during the life of the Station. 

Lopez Tuero, Fernando. 1895. La cana de azucar en Puerto 
Rico, su cidtivo y enfermedad, Capitulo 4, enemigos de la cana 
y modo de combatirl'os, pp. 63-74. Enfermedad de la cana de 
azucar, pp. 105-123. Rio Piedras, P. R. 

Brief account of the injury and control of the more important 
sugar cane peats. 

1896. Tratado de cultivos tropicales, pp. 1-272, 2nd ed., 
printed by the Boletin Mercantile in Puerto Rico. 

A general treatise on various tropical crops in the discussion of 
several of which is included a section on diseases and insects as- 
follows: [>. Hi, enemies of cotton, hut no specific reference is made 
to Puerto Rico; pp. 87-88, coffee insects in Puerto Rico, including 
ants, June beetles and white grubs, the beetle known as the “en- 
celado 1 ’ or “ cucarachdn ” and the Oossonus weevil which is undoubt¬ 
edly Lachnojnt a coffcac Marshal, the ehanga, the “piojillo” and 
the “ eocbinilla blanca” and the “ coehinilla oscura; ” 141-149, 

various sugar cane insects are discussed and control measures given 
for the most of them; p. 197, the grain weevil is mentioned as at¬ 
tacking corn, the kernels of which the larva eats out ; pp. 205-2011, 
the rhinoceros beetle is discussed as an enemy of coconuts; p. 232, 
white grub injury to bananas; pp. 251-252, discussion of several 
of the more important Antillean tobacco insects. 

Luciano, Jose. 1922 a. Piagas de inseetos daninos al hogar y 
medios para combatirlos. Rev. Agr. P. R. 8(1): 27-36. 

Notes on cockroaches, ants, houseflies, crickets, silver fish and cloth 
moths and their control. 

1922 b. Dates sobre la eampana del gusano rosado do la cap* 
sula del algodon. Rev. Agr. P. R. 8(3): 63-64. 

Notes on the campaign against the cotton pink bolhvorm. 

1927. La mosca mediterranea. E] porque debemos evitar la 
introduecion de este insecto a nuestra isla. Rev. Agr. P. R. 
18(3) : 143-144. 

Brief general account as a basis of pointing out the necessity for 
the protective quarantine of the TT. S. and Puerto Rico. 

Ludlow, C. S. 1905. Mosquito notes—No. 4. Can. Ent. 39:. 
385-388. 



AN ANNOTATED BIBLIOGRAPHY OP PUERTO RICAN ENTOMOLOGY 53 


Acdcs ( Taeniorhynchus ) portoricensis described as a Culcx on page 
386 from San Juan, P. R. 

Lutz, A. and da Costa Lima, A. 1918. Contribuic*ao para es- 
tudo das Tripaneidas (Moscas do frutas) braziloiras. Mem. 
Inst. Oswaldo Cruz 10(1): 4-16, 2 ]>ls. 

In a general discussion of the Brazilian fruitilios or Trypotids is it 
stated that the most important species. Anaatrrplia frntcrculus Weid , 
also occurs in Puerto Rico. 

Lutz, F. E. 1915. List of Greater Antillean Spiders with notes 
on their distribution. Ann. N. Y. Acad. Sei. 26:71-118. 

On pages 113-115 is a general account of the Puerto Rican spider 
fauna with a table showing the American distribution of Puerto Rica:; 
genera; P. R. records are scattered thru the paper. 

Macquart, J. 18)14. I list oir«* naturelle ties insectes dipteres, 1, 
pp. 229 and 450. 

Jlcninlia ulhitnrsus Fab. described as a now species from Puerto 
Rico under the name 11. scxmurulaUi : also Psilopu# portoricensis as a 
new species from Puerto Rico. 

1S40. Dipteres exotiques nouvoaux ou pen eoimns, 3. p. 121. 

Brief description of Psilopus portoricensis Mnc<|. In the ‘‘Supple¬ 
ment** to this work (.1846) the male is recorded on p. VJO. 

Maklin, F. W. 1867. Monographic der Gattung Strongylium 
Kirby, Laeordaire und der daunt zunachst verwandten Kormen. 
Aeta Sue. Sei. FVnnieae 8(1): 265. 

S. pul i mot mu described as a new species from Puerto Rico. 

Malloch, J. R. 1913 a. A revision of the species of Agromyza 
PaOen and Orodontba Kondani. (Dipteral. Ann. Put. Noe. 
Am. 6(3) : 324, 328. 

Agrompztt phnnisita and .1. minima described as species from 
Puerto Rico. 

1913 b. Descriptions of new species of American flics of the 
family Borboridae. Proc. l T . S. Nat. Mus. 44(1958): 361 
372. 

IJmosina lupnbrina, L. roUuutip( unis and L. v ivcipennis as new spe 
cios from Puerto Rico. 

1913 c. The genera of flies of the subfamily Botanobiinae with 
bind tibial spur. Proc. V. S. Nat. Mus. 46(2024) : 248-249. 

llippelates spicata as a new species from Puerto Rico. 
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1914. Description of a new species of Agromyza from Porto 
Rico. Proc. Wash. Ent, Roe. 16(2) : 89-90, fig. 1. 

Agromyza inaf'qualis ms m now species from leaves of V iff no rep ms 
in Puerto Rico 

M. A. M. 1982. Sobre In mosca de las frutas. Bol. Agr. 
(Puerto Rico) 1(29): 2, February 27. 

A brief Mote* regarding Anastrepha in citrus. 

Mann, Wm. M. 1920. Additions to the ant fauna of the West 
Indies and Central America. Bui. Am. Mus. Nat. Hist. 42, 
(Art. 8) : 428. 

Solcnopsis pfobulario F. Smith dcsecht'omHix described as a new 
variety from Desecheo Island, P. R. 

1921. Entomology.—A new ant from I’orto Ri<‘o. .lour. Wash. 

Acad. Sri. 21(171 : 440-441. 1 tig. 

Ccrapachyx (Syxria) xciui described as a new species from soil 
about roots of sugar cane. 

Mari, Mariano. 1921. Como combatir la.s quoresas. Rev. Agr. 
(P. R. Dej)t. Agr.) 1(7) : 2-4. 

Brief directions for the control of scale insects. 

Marlatt, C. L. 1908. Insecticidas importantes. Tnstrucciones 
para su preparacibn y uso. Dept. Interior P. R. Netr. Agr. y 
Alinas Bol. Agr. 18, pp. 5-39. San Juan. December. 

A translation of U. S. Farmers' Pul. 1 ‘J7, ]»]». 1-45, Hlo:> on Im¬ 
portant Insecticides, directions for tlieir preparation and use. 

1908. New species of Diaspine scab* insects. l\ S. Pur. Ent. 
Tech. Bui, 16(pt. 2) : 26-27, pi. 7, tig. 2. 

Lvnvaxpis indu'd as a nru species from Florida and Puerto Rico. 

1920. Report of * the federal horticultural board 11919-20!. 
IT. S. Dept, Agr., 29 pp. 

Reference is made to a quarantine issued against cotton and cotton 
seed from Puerto Rico on account of the existance of Eriophyr* 
gossypii Bks. there. 

1928. Report [1927-28] of the federal horticultural board. 
IT. 81. Dept, Agr. 42 pp. 

Emccpes batatnr Waterh. is listed as having been intercepted in 
sweet potatoes from Puerto Rico. 

M&rquez, Nelson & Lizardi, Oscar. 1926. Resultados obtenidos 



AM ANNOTATED BIBLIOGRAPHY OP PUERTO RIGAN ENTOMOLOGY 55 


en la domostracion nuniero 90 sohre “represion del piclie de la 
batata”. Rev. Agr. P. R, 17(5): 17, November. 

Result of a demonstration in the control of the sweet potato weevil, 
Cylas formica r ins Fab. 

Marseul, S. A. de 1854. Essai niomographique sur la famille 
des Tfisterides. Arm. Soc. Ent. France, Ser. 3, 2.071-707. 

E pier us ant Ufa rum as a new species from Cuba, Puerto Rico and 
Hanto Domingo 

Marshall, Guy A. K. 1922. Some in jurious neotropical weevils 
(Ourculionidae). Bui. Ent. Res. 13fll : 1)9-78, pi. 2. fisr. 4. 

Five species and 1 new variety described from Puerto Rico. 

Maskew, F. and Strong, L. A. 1920. Quarantine division. Re¬ 
ports Septernber-Deoeniber. 1920. Monthly TinI. Dal. Dept. 
Agr. 9(12) : 721-725. 

On p. 720 Le pittoxaphi s heehti is listed as intercepted from Puerto 
Rico on grapefruit in October and on p. 7'.)i on orange in December. 

1925. Root knot on sugar earn* in Porto Rico. Phytopathology 
15(9) : 559- 503, 2 tigs. 

Symptoms and extent of injury arc given and a suggestion for 
control. 

Matz, Julius. 1920. Citrus and pineapple rots. Ins. Exp. Sta. 
P. R. Bui 24: 12, 3 figs. 

In discussing various lots it is stand ihat the. puncturing of pineap 
pies by mealybugs, Pseiuloeneeus brnmrlia* (now identified as 
P. breviprx) is often responsible for the spread of disease. 

May, D. W. 190(1. Report on agricultural investigations in 
Porto Rico, 1905, pp. 1-21. 

pp. I P-12, a note on control of ration insects {Alabama araUlaeca 
bud during the year) ; p. PI, a note on //WioZ/j/n ttbsoh ta on corn; 
pp. -1, a note on soaking cane seed in iimewater for tlic control of 
Dint men. 

1910. Sugarcane in Porto Rico. P. R. ( Mayagiiez) Agr. Exp 
Sta. Bui. 9:39. Also a Spanish edition.) 

The mole cricket and white grub are mentioned as injurious. 

1926. Agricultural notes. P. R. (Mayagiiez) Agr. Exp. Sta. 
Ext. Leaflet No. 26, 2 pp. 

Includes a note regarding the introduction of the giant toad, thifo 
marinas L„ by the P. R. Agr. Exp. Sta. from Barbados in 1920; (><), 
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specimens brought in for the purpose of controlling such injurious in¬ 
sects as Lachnosteina spp., Scapteriscus vicinus and cockroaches. 

1927. Germinating sugar cane. P. R. (Mayagiiez) Agr. Exp. 

Sta. Notes No. 38, 2 pp., April 27. 

Report on experiments in soaking sugar cane Bets in various solutions 
for the control of insect pests, especially Dlatraca soccharalis F. 

1930. Report of the Director. P. R. (Mayagiiez) Agr. Exp. 

Sta. Rept. for 1929, p. 4, 1 fig. 

Kriof note on the effective establishment and vide distribution of 
the imported toad, Bufo marinas 1a, and its benefits in reducing the 
numbers of certain injurious insects. The introduction of the frog, 
Lcptodactylus pentadacl ylus from Dominica, B.W.T., for the same 
purpose and also possibly for food is also mentioned. 

McAtee, W. L. 1002. A uew neotropical genus of Eupterygiuae 
(Homopteral from Puerto Rico. .lour. l)cpt. Agr. P. R. 16(2) : 
110-120, 1 tig. 

HybJa mandat a described from mnmey from iiarcehmetn and PI. 
Druig re j os. 

McClelland, T. B. 1931. The relation of the Porto Rico Agri¬ 
cultural Experiment Station (Mayagiiez), P. R., to the agricul¬ 
ture of Porto Rico.—1904-1930. Agr. Notes of the I*. R. Agr. 
Exp. Sta. No. 54, 3 pp. (Also published in tile Porto Rico 
Progress, San Juan, P. R., shortly after.) 

t)n ]*. is ;i note regarding the introduction of th<> giant toad, 
Bufo mnrivus ],., and its subsequent beneficial effect by its reduction 
of such insects as mole crickets, white grubs, ants and cockroaches. 

McClelland, T. B. and Tucker, C. M. 1929. The green scale, 
('Ocnts iriridis, a new pest in coffee and citrus. Agr. Notes of 
the 1*. R. (Mayagiiez) Agr. Exp. Sta. No. 48, 2 pp. Also a 
Spanish edition. 

-Brief account of the very recent discovery of this scale in Puerto 
Rico, .with general and local distribution and food-plants and control. 

McKinley, Earl B. 1929. The salivary 7 gland poison of Aedes 
acfjypli. Proe. Soc. Exp. Biol, and Med. 26:806—809. 

Results of attempts to immunize susceptible individuals to mosquito 
1'itos conducted in Puerto Rico. 

Medina, Vicente. 1931. El control de enfermedades y plagas 
en Jos semilleros y viveros de cafe. Bol. Agr. (P. R. Dept. 

Agr.) 1(7): 2-3. 
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Brief account, with control, of the coflee leaf-miner, Ltucoptera 
cofferlla Stainton. 

Melander, A. L. 1927. Biptera. Empididae. Genera Insecto- 
rum, Fast*. 185, p. 32. 

TCvhpbos ttjiinufvr an a new specie? from Utuado, J\ R., Jan. 18TJ 
(Alio;. Busck) in U.S.N.M. Curran thinks this may he the same as 
his K. a pin ox tut. 

Menendez Ramos, R. 1923. El pulgon amarillo de la cafia. 
Rev. Agr. 1*. R. 11(4): 23-27, 1 fig. 

Brief general account of the damage aiul control of the yellow 
cane aphis, Sipha flant Fbs. 

1924. El ‘ ‘ Mali nit is minvli flora* ’ y la garrapata. Rev. Agr. 
P. u. 12( 4 ) : 219-222, 2 figs. 

Trials show that molasses grass does not destroy cattle ticks, 
Jioopftihis < Mnr'fttiropHs ) annulat r , s * auutrtiH# Fuller, but repels them. 

1926. (Ymio liemos condmtido el gusano agrimensor do la cafia 
t ii Ilmnaeui). Rev. Agr. 1*. K. 16(1): 9—11. 

Merrill, Geo. B. 1915. Progress report on investigations rela¬ 
tive to tht 1 horn-fly. Third Kept. Bd. Romm. Agr. P. IT, 1912- 
1914, pp. 52 55. 

A brief note on the introduction of predaceous beetles from Texas, 
Santo Domingo and Illinois. 

1916. Report of the tobacco insect investigations. Fourth 
Kept. Bd. Gonim. Agr. P. R., 1914-1915, pp. 50-52. 

1922. Scale insects of Florida. Fla. State Plant Bd. Quart. 
Bui. 7(4) : 177-298. figs. 16-116. 

A number of the many species described and figured are mentioned 
as also occurring in Puerto Rico. 

Mills, A. S. and Leonard, M. D. 1931. The eggs of the lima 
bean pod-borer in Porto Rico-—Maruca testulalis Gever (Lepid.\ 
Pyralidae). dour. Eeon. Ent. 24(3): 762. 

First note on the location and description of the eggs of this 
widely distributed species. 

Molinary Sales, E. 1924. Demostracion No. 8. Extirpacion 
del gusano agrimensor (Mavis re origin rv panda ) (pie ataca la* 
Rojas de la cafia. Rev. Agr. P. K. 13( 3) : 285-287. 

In the case of an infestation of sugar cane by this caterpillar 
dusting with arsenate of lead and lime is recommended. 
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Montgomery, J. H. and Bragdon, K. E. 1919. Quarantine De¬ 
partment. Qtrly. Bui. Fla. State Plant Bd. 3(2) : 110-112. 

Kuseeprs bn tutor is reported ns having been intercepted in sweet 
potatoes received from Puerto Rico into Florida daring the quarter 
ending December 31st, 1918. 

* Moore, E. L. 1910. Insect pests and their extermination. The 
P. 11. Ilort. News. pp. 134, 143, 144, September. (Ref. from 
Pedreira.) 

Discusses the changa or West Indian mole cricket. 

More, J. D. 1921 a. La vaquita o piehe do la batata. Est. 
Exp. Ins. P. R. Fire. 34, 7 pp. 1 pi. colored. 

Brief general account of the sweet potato weevil and its control in 
Puerto Rico. 

1921 h. Las pul gas del tabaeo. Est. Exp. Ins. Fire. 50, 8 pp. 

Brief general account of the tobacco flea'beetles in Puerto Rico 
and their control. 

1921 c. Inseetos predominates durante el mes. Rev. Agr. P. 
R. 5(7) : 33-36. 

Notes on damage by and suggestions for control of the changa 
and the sweet potato weevil. 

1921 (J. Instrucciones coneernientes al gusano rosado del algo- 
don. Rev. Agr. P. R. 6<T >): 21-2(1. 

Notes concerning the life history and habits of the cotton pink 
hollworm in Puerto Rico, for the information of cotlon growers. 

1923. Insects, fish and other fauna of Porto Rico. The Book 
of Porto Rico, pp. 54—64, several figs. Sian Juan. 

A very brief account of the more important injurious inserts of the 
Island in both Spanish and English. 

Morgan, A. C. 1925. A new genus, a new subgenus and seven 
new species of Thysanoptera from Puerto Rico. Florida En¬ 
tomologist 9(1): 1-9. 

Cevoyothripst striatus n. gen. and sp.; Scricothri p.s portoriccwris 
and Anaphothrips bicolor n. spp.; Lissothrips (Frolissothrips ) stra- 
tulus n. subgen and sp.; Gastrothrips fuscicauda , G. anolis and 
Diceratothrips wolcotti n. spp. 

Morrison, Harold. 1932. On some trophobiotic Coccidae from 
British Guiana. Psyche 29(4) : 145-148. pi. 6, figs. 20-31. 

Akermes secretus new species from Puerto Rico [= Cryptostigma 
( Pseudophillipia) inqwlina (Newgtead) Ferris). 
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Moschler, H. B. 1890. Die Lepidopteren-Fauna der Lnsel Por- 
torieo. A blmndhiiigen Senkenbergischen Naturforsclienden Oe- 
sellschaft 16, Heft 1, pp. 69-300, 1 pi. 

(’atalog of the Lepidoptera of the Island based on the same ma¬ 
terial as Gundlach ’b paper; many new species are described. 

Moser, J. 1918. None Arten dor (Jattungen Larhuosirrua Hope 
mid Phy talus Er. (Col.). Stott. Ent. Zeitg. 79:19-74. 

f'hjlllo I'lidf/a { Lacli iiifslcr no ) i nsulicola , p. 01 and /’. /><u torici ustv 
(Fhevrolat in lit.), p. 02 described as new species from Puerto Pico. 

Muesebeck, C. F. W. 1921. A revision of the North American 
species of ichneumon-Hies belonging to the genus Apantcles. 
Proe. 1 T . S. Nat. Hus. 58 :( 2349): 558-559. 

JfKin(<irs jH'ruulis new species from Pureto Rim reared from 
1’rears arm Felder. 

Muir, F. 191S. llninopttTH notes 11. Proe. Hawaiian Ent. Soc. 
3('>) : 41-1-429. 

('yrlokara sordidutum as a new species }>. 410, and Otiortrus srhon- 
hrrri Stal p. 42 <>, recorded from Puerto Rico { Derbidae) ; ('yyops 
orcUlmtatis and Pun an a fait rttnirrnsis, p. 4i?r» as new species arid 
\<<tmala.ra flora as a new ^'ins and species, p. 420 < lh -I phacidar > 
from Puerto Rico. 

* 1922. I)in*et and indirect injury to plants by insects. Haw¬ 
aiian Planters' record 2:65-66. (Ahs. in Hcv. Appl. Ent. 

10: 347.) 

Sugar cane mosaic not «o serious in Hawaii as in Puerto Rico due 
possible t<* the presem-e in the latter plaee of insert motors whieh 
carry the disease directly from nuhealthy to healthy cam* whereas bi 
Hawaii it is carried by occasional visitors to the plants. 

1921. New and little known Fulgorids from t.hc West hides 
tHomoptera). Proc. Hawaiian Ent. Soc. for 1923 5(3'): 

461-472. pi. XII. 

Ormciiis psnudomaryinuta (Plaltidae), p. 460-470; .len/iahnif 
hrrvifrons (Acanaloniidae), p. 407; Cubana tnriricifonms (Cixiidae), 
p. 401; ('ahtsa trolcotiii (Derbidae). p. 402; Dysnnm (new genus) 
nmculata ( Derbidae), pp. 102-404 ; Parah ydrirna (new genus) hyalinei 
(Derbidae), pp. 404-40,1; ('olfiofdtra bnmnrus (Issidae), pp. 405-466- 
and (\ mandifran* (Issidatl, p. 466, all as new species from Puerto 
Rico. 


Muir, F. and Gifford, W. M. 1924. .Studies in North American 
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Delphacidae. Hawaiian Sugar Planters’ Exp. Sta, Bui. IB 
(Ent. Ser., pp. 9, 17). 

Neomalaxa flava Muir recorded as occurring in Puerto Rico and 
Nilaparvuta woleotti described by Muir as new species from Puerto 
Rico. 

Mutchler, A. J. 1923 a. Notes on West Indian Lycidae and 
Lampyridae (Coleoptera) with descriptions of new forms. Am. 
Mus. Novitates No. 60, 13 pp., 1 fig. March 15. 

Callopisma borencona as a new species from several localities 
(Lycidae) on p. 9 and Pijractorncna gale at a E. Oliver listed from 
Puerto Rico. 

1932 h. Notes on West Indian Lampyridae and Cantharidae 
(Coleoptera) with descriptions of new forms. Am. Mus. 
Novitates No. 63, 9 pp., 1 fig., March 29. 

PhoUnus lictcrodojcus L. & M., V. dubiottus L. & M.. P. cit tutus («. 
A. Oliv., and Tytthonyx discolor L. & M. listed from Puerto Rico with 
notes. 

Myers, J. G. 1931 a. A preliminary report on an investigation 
into the biological control of West Indian insect pests. Empire 
Marketing Hoard 42:53-54, 78, London. 

Brief mention of the status of several of the more important insect, 
pests of Puerto Rico. 

1931 h. Descriptions and records of parasitic llymenoptcra 
from British Guiana and the West Indies. Bill. Ent. Res. 
22 : 267-277, 3 figs. 

Micmtlus tilifimatmis Press., p. 274, mentioned as having been 
artificially introduced into Puerto Rico by Hox. 

Nesbit, D. M. 1903. La batata. Dept. hit. 1\ li. Neg. Agr. y 
Minas Bol. Agr. 16, pp. 33-34. 

Brief general account of the most important classes of insects in 
.jurious to*the potato in this Spanish translation of U. S. Fanners' 
* Bui. 129. 

Holla, J. A. B. 1924. Resultados de la demonstracion No. 20 
sobrc el control de la ehanga en un semi Hero de cebolJas. Rev. 
Agr. P. R. 12(3) : 202. 

1929 a. Acrostalagmus aphidum Oud. and aphid control. Jour. 
Dept. Agr. P. R. 13(2) : 59-72. 

Excellent results by spraying liquid cultures of this fungus in the 
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control of 7 determined species of common) aphids and U umhderninod 
species ill Puerto Rico. 

1929 b. Fn bongo parasitnrio do I os aphidos. Kev. Agr. l\ K. 

23(5):106-197. 

Brief popular version of the above paper. 

1929 c. El Aerostalagmus aphidum Oud. on la India contra los 
afidos. Mem. Soc. Esp. Hist. Nat. 15:9-12. 1 fig., 1 pi. 

Much the same information as in 1929 a. 

Notman, Howard. 1929. New species of Palaminus from the 
West Indies, together with a synoptic review of the genus 
Am. Mus. Novitates No. 286, 17 pp., November 27. 

7\ Itnfji, jxtrvipcnnis, bifids , scitulus , pusillns, yrandwollis, proccrun 
as new species and /’. in.sulari *r Cameron listed from Puerto Rico. 

Ochs, Geo. 1924. On the West Indian Gyrinidae and a new 
species of Gvreles from Northern Brazil. Am. Mus. Novitates 
No. 125, 8 pp., duly 24. 

PiHUhts cornh nun LeConte, IK mutchlcri as new species and IK (on- 
pinwnus (Odv) porloriccnsis as new subspecies from Puerto Rico; 
(Iifrinus nujifrr Regimbart ami Dhnitus tnciaUicus Aube listed from 
Puerto Rico with notes. 

[Olivier, A. G. 1790. Entomologie 2 No. 28. p. 22. pi. 2. tig. 20. 

Pltohnus villains is described as a new species from Santo Domingo 
only. Wolcott in his ‘‘List’’ on p. Sl2 states that the types were from 
Puerto Rico also. The species is, however, widely distributed in Puerto 
Rico J. 

1807. Entomologie 5, No. 82, p. 145. 

Haris ior<iuahis (as Jiln/nchacnus) and A*, militaris (probably now 
in Pseudoruts) as new species from Puerto Rico. 

1.808. Entomologie 6, No. 92, pp. 625-626. 

Galtrucclhi obliicrata as a new species from Puerto Rico. 

Olivier, E. 1899. Revision des coleopteres Lampyrides des An¬ 
tilles et description des especes nouvelles. Bui. Soc. Enl. France 
24:87-92. 

Lccontea fjaleata (as Pyractomeua) as a new species from Puerto 
Rico on ]>. 91. 


1912. Contribution a la faune eutomologique des Antilles. 
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Lampyrides. Rev. Sci. du Bourbonais et du centre de la 
France, 25:11) and 33. 

Callopisma dimidiatipennis Oliv. p. 19 and Photinus triangularis 
Oliv. p. 33 listed from Puerto Rico. 

1H12 b. Rainpyrides faisant partie des collections du inusee de 
Washington. Ann. Soc. Ent. Belgique 56:25. 

Photinus triangularis as a new species from Puerto Rico 

Osborn, Herbert. 1928. Neotropical llomoptera of the Carnegie 
Museum. Part (>. Report on the subfamily Typhlocybiium 
with descriptions of new species. Ann. Carnegie Mus. 18(2) : 
25:1-21)8. 

Protohhra hirincla , p. L!f>9 and P. pallida , ]>. 3(U) as new species and 
P. similis Baker pp. 203—204 listed from Puerto Rico. 

1929. Notes on Porto Rican llomoptera. dour. Dept. Agr. P. 
R, 13(3; : 81-82. 

Records a mnnlu'r of species mostly based upon a collecting trip 
to tlie Island during Hie winter of J92S-1929; 7 species of leafhoppcrs 
are described as new ; genera] discussion of ecology and distribution. 

Osten Sacken, C. R. 1887. Studies on Tipulidae, Part 2. Berl. 
Ent, Zeitschr. 31: 184. 

Rhampltidia alhifarsus as a new species from Puerto Rico. 

Osuna, Pedro. 1921). Medios ]>ara combat ir los insect os m las 
hortali/as. Rev. Agr. P. R. 23(2 1 : 82 and 95. 

JL-ief jiraciica! directions for the control of vegetable insects. 

Pagenstecher, Arnold. 1907. Die Eepidopteren Fauna der An- 
tillen. Jarb. Nassnuisehe Yor. Naturbimde 60:91-92. Weis- 
bad (‘ii. 

< hi p. 97 is o brier geographical summary of ITierto Rican Lepidop 
tera with inferences to He'S oral of the more important papers oil the 
subject. 

Parker, R. R. 1914. Sarcophagidae of New England: males of 
the genera Ravinia and Boettcjieria. 

Stircophuga <{iiadrisclosa Coq. (as Ravinia ) listed as occurring in 
Puerto Rico. 

Pastor Rodriguez, Juan. 1929. El cultivo del algoddn Sea Is 
laud. Rev. Agr. P. R. 22(10) : 157-158 and 172. 

Notes on the injury and control of the more important insects of 
Sea island cotton in Puerto Rico arc included. 
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1981a. Alarmante irrupcibn de la oruga rosada del algodon (*n 
el distrito sur. Rev. Apr. P. R. 26(9) : 174, 176. 

Brief account of the outbreak of the pink boll worm of cotton 
during the previous season in the South coast of the Island. 

1981 h. Alrededor de la ornpa rosada (I*, fjossy pi<fla), Pod. 
Apr. ( P. R. 1 )ept. Apr. > 1; 6 > : 2 8. 

Biief accouul of the increased infestation of the pink holjworin in 
the south coast during the past scieon with a sketch of the lifo-historv 
and outline of control measure'. 

19152. Porto Rico moves forward in cotton. Poitou Trad" 
Journal, International Edition. 19)52. pp. 91 9)5. 1 map. .8 
lips.. 2 laMcs. New Orleans. La. 

On |>. !>)» is a hnef dismission of the status of tht 1 more important 
insect pests in Puerto Rico tin 1 pink bollworm and the cotton leaf- 
worm; the absence of the boll weevil is noted. 

Alt ho 1 his a Hide bon is no authorship il was written by Mr. Pastor 
Rodripue/.. 

Pedreira, Antonio S. 19)52. liibliografla Puertorriquena (149)5 
1980 i. Moimprafias do la Lniversidad do Puerto Rico. Scrip 
A. Eslndios llispanicos. Nmn. 1. Madrid, XXXII 707 pp. 

Contains about 2 Op references to articles on Puerto Rican entomo¬ 
logy, nboal 17") of whi.-h arc under the heading of “ Enloniolopia 
economic;;'' ;i m 1 ih. iviiiii iilll'i smithied llnai srvm il ether sections. 

Pemberton, C. E. and Leonard, M. D. 19)52. Entomolopy at tin 
Eourtb (’murreys of the International Society of Sp.par < ;tn«* 
Technologists in Porto Rico. Jour. Leon. Lnt. 25 , ) r i:782 7)5)5 
Also nndor saint* title in Ent. News 43*7 ) : 19f> 196. 

Uriel nolo civno name.- of ent oinolngi M s in atteiidame ami oenerd 
subjects of papers pi (‘seated at the (Amgress. 

Perez Torres, Manuel. 1922. Eiebre tejana. Rev. Apr. P. R. 
22(f)) : 220-221, 22J, 1 lip. 

A oemral dismission of Texas fever with brief direction^ for its 
control by ridding the entile of ticks. 

Pergande, T. and Cockerell, T. D. A. 1900. List of the Coccidae 
collected by Mr. A. Uusek in Porto Rico, 1899. V. S. Dept. 
Apr. Div. Ent. Bid. 22. New Series, pp. 92 9)5. 

Twenty-three listed, with dates of collection and food-plants. 

Petrunkevitch, Alex. 1911. A synoptic index-catalogue of spi¬ 
ders of North Central and South America with all adjacent 



THE JOURNAL OF THE DEPARTMENT OF .YORIUULTTTRE OF I\ R. 


islands, Greenland, Bermuda, West Indies, Tierra del Fucgcy 
Galapagos, etc. Bid. Am. Mus. Nat. Hist. 29:1809. 

All spiders recorded to date from Puerto Rico are listed. 

1926. Tarantula versus tarantula-hawk: a study in instinct, 
dour. 'Exp. Zool. 45(2) : 267-898, 2 pis. 

A contribution from the University of Puerto Rico in which the 
attack of the tarantula-hawk, Pepsis marginata P. de B. upon Cyrto- 
phihis port or tear Chamb, under observation cage conditions at Rio 
Piedras, P. R., is described in detail. 

1929. The spiders of Porto Rico. Part One. Trans. Conn. 
Acad. Arts and Sei. 30:1-158, 150 figs. 

1930 a. The spiders of Porto Rico. Part Two. Trans. Conn. 
Acad. Arts and Sci. 30:159-355, 240 figs. 

1930/;. The spiders of Porto Rico. Part Three. Trans. Conn. 
Acad. Arts and Sci. 31: 1-191, 168 figs. 

One hundred seventy-four species are described in detail in the 
above 3 parts, 72 of which are described as now. 

Phillips, E. F. 1914. Porto Rican beekeeping. P. R. (Maya- 
giiez) Agr. Exp. Sta. Bui. 15, 24 pp., 2 pis. Also a Spanish 
edition, 28 pp., 1915. 

Pierce, W. Dwight. 1914. Descriptions of two new species of 
Strepsiptera parasitic on sugar cane insects. Proc. Ent. Wash. 
16(3) : 126-129. 

StcnocranophUus quadrat us as a new genus and species reared from 
Saccharosydnc saccharivora Westw. in Puerto Rico. 

1915. Some sugar-cane root-boring weevils of the West hides. 
Jour. Agr. Res. 4(3) : 255-264, 4 pis. 

Description of and notes on Viaprcpcs faint ficus (not in 1’. R.) 
Oliver and 1). spcnglcri & its varieties, of which 1). s. spengteri, comma 
and abbreviates are stated to occur in Puerto Rico. 

1917. A Manual of dangerous insects likely to be introduced 
into the United States through importations. II. S. Dept. 
Agr. Office of Sec’y. Contrih. from Bur. Ent, and Fed. Hort. 
Bd., Aug. 15. 

An occasional specific reference to Puerto Rico. 

1918. Weevils which affect Irish potato, sweet potato and yam. 
Jour. Agr. Res. 12(9) : 608, pi. 82, figs. C, D. 
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Records having specimens of Kusrrpts batata* from Mayagiioz. I\ R., 
which were injuring sweet potatoes. 

Quaintance, A. L. 1900. Contributions toward a monograph of 
the American Aleurodidae. l\ S. Bur. Ent. Tech. Hill. 8: 4*5- 
47, pi. 0, figs., (>)M)7. 

A laimutirus ( M etalcH f(><! <cus) minium* as a new species from Puerto 
Rico. 

Quaintance, A. L. and Baker, A. C. 1915. Classification of the 
Aloyrodidno, Parts 1 and 2. C. S. P>ur. Ent. Tech. Pnd 27: 1 
114 j>{>.. many pis. & tigs. 

I fail 1<» find Diah Hiodrx buxckii us u new species from Puerto Rico 
hut AUurodicus 'minimus Quain. is redescribed in the new subgenus 
Mrlaleitrodicus on p. 77 and Leonardius lahillci Leonardi is redescribed 
on p. both from Puerto Rico. 

Quedenfeldt, G. 1SS('>. NVuo mid scltnciv KsitVr von I’ovtorio >. 
Herl. Knt. X.-its. 30'11: 11!) 128. 

Ten new species and 1 new variety, including \ new genn^ de«cnted 
from Puerto Rico. 

Quintanilla, Guillermo. ISJMI. Enfcrme<lad de los eafetnles on. 
Adjuntas, la plaga de la vaquita. La Reform a Agricola (Or¬ 
gan o de la Asociaeidn de Agricultores de Puerto Rico), year 
2, No. 12, pp. 217-224. November. 

Records an inspection trip to Ad juntas in April 1895 to investigate 
an outbreak of a weevil on coffee, which according to local growers 
had been doing more or less damage there for M years; it is stated 
that till' adult injuies the leaves, green shoots, buds, thnvcrs ami fruit 
of the coffee trees; a sketchv description of some lenglh is given of 
the adult and the author judges that it belongs to the genus < ’ossonus 
(he spells it Poxsoims) of the (’urculiouidae; larvae and pupae were 
not found; it is suggested that the soil be put m better condition 
for coffee production and after sufficient experimentation that control 
men hu res should bo used directly against the adult’ weevils; it is 
reported that growers had tried spraying with petroleum, fenie acid, 
and with hypochlorite of lime wit It very contradictory results. 

A It ho Quintanilla *8 description of the adult weevil is very general, 
neither length nor color oven being mentioned, there seems little doubt 
that the insect, under discussion is Lachunpus co//Vw Marshall, or 
possibly of course var. montanus Marshall , both of which* were not 
described until 1922. If so Quintanilla’s is the earliest published 
account of the insect. 


Rehn, James A. G, 1902 a. Notes on West Indian Orthoptera, 
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witli a list of tlie species known from the Island of Porto Rico. 

Trans. Am. Ent. Soe. 29: 129-130. 

Many species listed, including A ptrriftida busck'i (Rlaltidae), p. 1 Li9 
and Lamponius portoricvnsis (Phasdimae), p. 132 as new species from 
Puerto Rico. A : rnblatf lift adsprrsirollis Stal. 

1903 I). Studies in American Blattidae. Trans. Am. Ent.. Soc. 

29: 2()S-2Sf). 

IHahlla ml era S. •& X., p. 208, PrripUvteta nm<ric<nm L., p. 2S0 
and Panchlora hipdina Sauss.. p. 2Sf> listed from tlie Island and 
Primalosilpha coriacea , pp. 278-279 as a new species from Puerto 
Rico. 

1904. Studies in Ihe orthoplerous family Phasmidae. Proe. 

Acad. Nat. Sci. Piiila. 56:08-09. 

Apiopus arhalns ( PI,asmidae ) described fiom Puerto h’ico as a new 
SpecicS. 


1900. The or1hoj)tera of the Bahamas. P>nl. Am. Mus. Nat. 
Hist. 22(Art. 3) : 1]0, May 22. 

A fool note st:tt<s * ‘ This is tlu* species recorded h\ me as />. pttvc 
f ida/a from I’uoitn h'i. o f Trfiiis. Amor. Iv.it. Soe. \xi\ p. 120) and 
/>’. a;:<rra from Pn.-rt > K‘.c > and Jamaica ( I hid., \xix, |>. »S ). The 
species referred to is StulUiU'Ua adspt rsimllis Stal. 

1910. On some (bThoptera from Porto Rico, Oulebra and Vie¬ 
ques Islands. P>ul. Am. Mus. Nat. Hist. 28(Art. 7) *.73-77. 

Epdampra irhcthti (PJattidae) as a new species from Puerto Rico, 
])]>. 73 - 71 . 

Rehn, J. A. G. and Hebard, Morgan. 1927. The Orthoptera of 
tlie West Indies. Number 1. Platt idae. Pul. Am. Mus. Nat. 
Hist. 54 (Art. 1) : 1.220, 27 pis. 

Thirty species from Puerto Rico treated. 

Reitter, Edm. 1875. Pie Sud — und Mitlel-- Americanischen Ar 
ten der Gattung Tenebroides Pill, et Mitterp. Verb. Nat. Ver. 
Briinn (for 1874) 13:74. 

Tenebroides punctnlatus listed from Puerto Rico. 

1878. None Oolvdiidae des Berliner Museums. Deutsche Ent. 
Zeitsc.hr. 22(1) : 123. 

Penthelispa aquicolle as a new species from Puerto Rico. 

1883. Beitrag zur Kentniss der Olavigeriden, Psela])hiden und 
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Meydmaeniden von Westindien. Deutsche Knl. Xeitsclir. 27 
(l): 22-46. 

Trimiopsis ventricosa on p. 39, par mat a on p. 40 and eggersi on 
p. 38 as now species froni St. Thomas and Puerto Rico. 

Richardson Kuntz, Pedro. 1922. (Vuso de las variedades do 
eafia de azucar semhradas en Puerto Kieo correspondiente a la 
eoserha de 1921-22. Kst. Exp. I us. (’ire. 98:14-16. 

It is stated that, in the author’s opinion, Diatraca saccharalis 
Fab. causes at the present time five times as much damage in the 
South and Fast (’oast districts as the throe, most important cane 
diseases combined, namely mosaic, gumrnosis and Pokka Boeng. 

Phj/lhtftlnif/a sop and Sea/>(rrisrns ririnns are also mentioned as 
being injurious to earn* but. of secondary importance to the moth 
borer. 

Riley, C. V. 1S94. Tlie inserts occurring: in tin* foreign exhibits 
of Pm murid's Columbian 10xposition. Insect Lib* 6(21 :21S. 

Cathartus a drt no AValH. lifted as occurring in Puerto Rico. 

Riollano, Arturo. 1921. LYiiabilitaeibii agnVoln do Vieques. 
Informc del Ira bn jo rralizado. Ke\. Alt. I 1 . L\ 26( 9 » : 1 OS- 11 6. 
March. 

Includes notes on several injurious insects including the cotton 
leaf worm, pink bolhvorrn and the cowpea stalk and pod borer, 

l't> n<l< '1 <: < ;.s f r ' 

Ritchie, A. H. • 1917. Keport of tin* government entomologist 
for t lie year 1916 1917. Suppl. to the Jamaica (lazette. ! \ i n -: - 
ton, 4C(J»:92 97. : Alls, in Kc\. Appl. Pm. 5 : 4l2?L t 

In discussing Stniocrmrus soeeharn'onis Wcstw. as a cane pest 
mention is made that parasites are an effective check in Puerto Rico, 
including a Mymarid, a Pryinid and a Strepsiptcron. 

* 191N. Annual report of entomologist. Ann. Wept. Jamaica 
IVpt. Agr. for year ended 21st March, IMIS. pp. 24—40. 
(Abs. in Kc\. Appl. Ent. 7:7)6. i 

In discussing Euserpes poreellus Boh. mention is made that it also 
occurs in Puerto Rico. 

Rivera, Alfonso. 1022. Enfcrmedades d<* la picl en el ganado. 
Ins. Exp. Sta. F. W. Lire. 58:1-9. 

Notes on the various skin parasites found on cattle, pigs, sheep 
and goats, with symptoms and remedies; the tick, Ixodes ricinus 
and mange mites are included. 


Rivera, Eugenio M. 1927. Informc sobre el trabajo de es 
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tudios del gorgojo del name del bairntio ]>or el personal de 
eampo destaeado en Ktuado, Adjiuitas y Jayuya. Rev. Agr. 
P. R. 19(2) : 59-62. 

Description of a survey to determine the presence of the banana 
root-weevil in three districts in the Island. 

von Boeder, Victor. PSS5. Diptera von der Insel Porto Rico, 
erbalten dnreli llerrn Consul Krug in Berlin. Stett. Ent. Zei- 
tung 46 :337-349. 

Several new species described; also other records. 

Rohwer, S. A. 1915. Descriptions of new species of ITynwnop 
tera. Proc. V. S. Nat. Mus. 49: (2105) : 205-249. 

The following arc described as new from Puerto Rico : Eli.s 
.rmillwnolu.s. p. 251; Xj/ss<m { Hathysi gas ) hasirnf /rx, p. 247: 
Campxonu ns (Caw psoinrris) gyrnra, |>. 2.47); Halnronas haok< n % 
p. 237; Pstn (Mimcsa) modesta, p. 244; Cerccris margaretclla , 
p. 248. 

1927. Some Seoliid wasps from Tropieal America, dour. Wash. 
Acad. Sei. 17(6) : 150-455. 

Includes a note* or Campsomcris hcstcrac n. sp. whicli has been 
imported from Venezuela into Puerto Rico where it has oviposited 
on larvae of Lachnosterna portoricensis Smyth. 

Root, F. M. 1922. Notes on mosquitoes and other blood-sucking 
flies from Porto Rieo. Am. doin’. Hygiene 2(4) : 594 405, 5 
figs. 

An annotated list of all blood sucking Diptera recorded to-date 
from the Island; 15 mosquitoes, of which Culrx (Choeropora) borrn 
queni is described as new, are listed and the larvae of several are 
desribed; (.hrysogs rnri'fiaf a* D<*(J. . .m cnstatit< Fab., and 

Stomoxys calcitrant are also listed. 

Rosenfeld, A. H. 1925 a. Tlie food of Porto Rican lizards. 
Jour. Eron. Ent. 18(2): 422 -423. 

A note on the small lizard, Anolis crist at elus D. & B. attacking a 

, moth of Protoparcc sexta Joh., var. jamaicensis Butler about the 

same length of body as itself. 

1925 b. Why not Trap-Crops that Entrap: dour. Ee. Ent. 
18(4) : 6:19-640. 

Experiment on Melinis muisti flora as a tick-deterrent. 

Rothschild, W. 1912. New Syntomidae. Novitates Zool. 19(2) . 
j 55. 


Describes Empyreuma sanguinea portoricensis as a new race from 
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Puerto Rico. Dr. W. T. M. Forbes considers this as merely typical 
1L pugionc L. 

Rothschild, W. and Jordan, K. 1 A revision of the Iepi- 

dopterous family Sphingidae. Xovitales Zool. 9, Nuppl.. 972 
p]).. 07 ]>]s. 

A. world revision of the family including all known locality records, 
many of which arc from Puerto Rico. 

Russell, H. M. 1912. The red-banded tlirips. l\ S. l>nr. Ent. 
l>ul. 99. IM. 2, i). 17. 

Pool note i'<*ro.i|ing l/< volfn ficurinr. Marco,• tl ( Lintlmj>s Imlrcri 
(Ynwf.) on Ficus from Puerto Rico. 

Saavedra, E. F. 1929. La mmga rosada do la eapsuht del al- 
L’odnn hi Puerto Kirn. Kev. Agr. P. K. 23id,:207 and 2D*. 

Brief popular account' of tilt* pink boll worm with control measures. 

Sasscer, E. R. 1920. Important foreign insert pests eollectod 
on imported nurserv stoek in DM9. dour. Imam. Ent. 13^2): 
ISP 

Lists Torgioma sacchari Pkll. on sugar cane and Pseudococcus 
cmfonis Green on orchid, both from lhnuio Rico. 

1921. Important inserts collected on imported utirsciA stoek 
in 1920. dour. Keen. Knt. 14<4t:3dd. 

Records ('gins forma-arias in sweet potato tubers and Pusi t pt s 
batata* in yams arriving in the XI. S. from Puerto Rico. 

Saussure, H. lSd9. Orthoptera Nova Americana (’diagnoses 
prelim ina res j . Kev. el Mag. Zoo!.. 2nd Ser.. 9 : 02 1)3. 

Phibolosoma carat oat phalum Gray described as a new species from 
Puerto Rico as Acanthmh ras (Xglodus) adutabratvs . 

1 Sfhv 1 Miasmidarnm noxaium species non nullae. Kev. et Mag. 
ZooL ( Ser. 2 ) 20 : bd. 

Ugmt ( Jiactcria ) girsiniana as a new species from Puerto Rico. 

1S7S, Melanges ort liopterologhpies. Ease. 6. 702-703; 747- 
74S, pi. IS. tig. 04, 1 and 2. 

On pp. 7 17 -74K Larr< pa {Apitlki s) knigii ((Jrvllidae) is described 
as a new species from t’uba, not Puerto Rico; on pp. 702—7 0.*’ l>ia 
tripos sihtlanx is described as a new species from Puerto Rico. 

|1S93. Ortlioptera in l»iof. (Vntr. Am. 1: Sd. 

Pleooptcra krugi (Blattidae) as a new species from Cuba. (Wolcott 
in D is ‘‘List” says the type is from Puerto Rico)]. 
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1897. Orthoptera. Biol. Conti', Am. 1:270-277. 

Orocharis vaginalis and 0. terebrans (Gryllidae) as new species 
from Puerto Rico. 

Schaufuss, L. W. 1882. Foleopteres aveugles do la famille des 

(-olydidao. Ann. Soo. lint. Franco, { Bor. (>) 2 :40-48. 

Crygtozoon nitidieoUis as a new genus and species from Puerto 
Rico. 

Seely, R. M. 1928. Revision of the spider genus Tetragnatha. 

N. Y. State Mils. Mill. 278. pp. lOO and 142, pi. 1, ligs. 1 4 

and pi. 4, tigs. 40 44. 

T. antilliana Simon, p. 10(5 recorded on the authority of Banks 
( 1 > jind T. pallcxertis Cambridge p. b'»d recorded from Puerto 

Rico »t Ton Raja, Garb collector. 

Sein Jr., Francisco. 192:0/. ('ncaraclias. Est. Exp. Ins. Circ. 

64: 1-12. 

A discussion of the injurious cockroaches in Puerto Rico and their 
control. 

1924 h. Las abejas on los eafetales. Fst. Fxp. Ins. Fire. 79 : 
1-4). 

Observations to show that beekeeping is not injurious to the 
setting of berries in the coffee farms, but rather that the bees are 
beneficial. 

1924 p. Fl gorgojo del name del gnineo. Fsl. Fxp. Ins. Tire. 

82 : 1 7, 2 figs. 

Brief general account of the banana root weevil in Puerto Rico 
with control measures. 

192(i. La oruga de la ruiz do la caua. ( T n inseeto que no se 
sahia existiera. on Puerto Rieo y quo ('ansa imieho daiio. 
Rev. Agr. P. R. 17(2-4) : 17. 

Notes on the sugai cane root-caterpillar, Perforadix ttacchari Sein 
in Puerto Rico. 

1927. FI sapo. Rev. Agr. I\ R.. 19(4) : 248-240. 

Notes on the imported toad, llufo marinus L., in Puerto Rico. 

1928. Serieultura R(*v. Agr. P. R. 20(2):51-54. 

Brief general popular account of the silk industry and remarks 
on its attempted initiation in Puerto Rico. 

1929 a. Report of the division of entomology. Ann. Rept. In 4 *’. 
Kxp. Sta. P. R. for 1927-1928, pp. 89-98. 
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Altho no authorship is assigned in this report it was prepared 
by Mr. Sein. It includes notes on sugar cane root insects and 
mosaic transmission, A ttas/rcpha does not attack citrus, banana root- 
weevil and on failure of Ipobracon grenadensis to become established. 

11)29 b . El gorge jo del name del guineo en Puerto Rico. El 
Mundo, San Juan, P. R., October, 0, p. lb, 4 figs. 

A general account of the banana root-weevil in Puerto Rico 
including control measures outlined in detail. 

1929 r. Nucvas eoseclias, nucvas plagas. Rev. Agr. l > . R. 23 

(2) : 84—8b. 

A note on the potato tuber moth (Phthorimaea operculella Zell.) 
attacking Irish potatoes for the first time in Puerto Rico. 

1929 c/. I lia invasion de mariposas. Rev. Agr. I*. R. 22(10*: 
1 09 170. 

Notes on a large migration of Anoxia plexippus L. in Puerto Rico. 

1930 c/. A new mechanical method for artificially transmitting 
sugar-eane mosaic. Jour. Dept. Agr. I*. R. 14(21:49-08. 

1930b. The sugar eane ro<»t caterpillar and other new root 
pests in Puerto Rico. Jour. Dept. Agr. P. R. 14(3*: 107- 
191, 10 pis. 

Complete account of Vt rforadix sacthari Sein ( Pyralididae, Kudo 
trichinae) new genus and species in Puerto Rico, including descrip¬ 
tions of all the stages and suggestions for lessening the injury. A 
Symphilid, Hanx< nit-tin sp., two bristle-tails, Xicoh tia sp. and Lcpisma 
sp., a sow-bug, Philoxaa cub bra< Moore, white grubs, nematodes, 
the larvae of J)iaprrpc. s- sprnglrri and a mite are all discussed as to 
their relation to root injuries to sugar cane in Puerto Rico. 

1930 c. Nuevo metodo de transmit ir el matizado y s:i aplica- 
cidn praetira. Rev. Agr. P. R. 25( 21 : 04 -Ob. P4. 

A brief account of a new method of transmitting artitically sugar 
cane mosaic and its practical application. This method is described 
in detail in Sein 1930 a, which see. 

1930 c/. Insect os <pie ataean la alfalfa en PthM'lo Rico. Rev. 
Agr. P. R. 25(2) : 91. 

A brief account of Dichomcris pi pc rat a Wlsin. as a new pest of 
alfalfa. 

1930c. Duhonuris pipnuttus Walsingbam. a pest of alfalfa in 
Puerto Rico. Jour. Heon. Knt. 23 ( b ) : 88b~880. 

A brief note on this species as a new pest of a new crop. 
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1981 a The ])it?klo worm in chayoto in Porto Rico. Jour. Econ. 
Ent. 24(3) : 702. 

1931 I). Informo sobre cl brotc del “Apate francisca’' en La¬ 
res. El Agricultor Puertorrhjueno 11(7): 24, Han Juan. 

Records a destructive outbreak of the coffee stem-borer in coffee 
and several other economic food-plants. 

1931 c. El pcligro ile ipu* pueda introdueirse una nneva plaga 
del calc. Hoi. Agric. 1(17): 2, December 5, San Juan. 

A short note on the danger of introducing the coffee weevil, 
Stephnnoderes coffca, into Puerto Rico. 

1932 a. Artificial transmission and other studies on sugar cane 
mosaic. Proc. Fourth Congress Int. Soe. Sugar Pane Techs., 
pp. ( Preprint Hui. 841 : 1-0, San Juan. 

Includes notes on Aphis maidis and Sipha /lava. 

1932 h. Soil animals and root disease in Porto Rico. Proc. 
Fourth Congress Int. Soe. Sugar Cane Techs, pp. (Preprint 
Hul. 91) : 1 2, San Juan. 

Sepulveda, A. E. 1981. La oniga roedora dc la boja del algo- 
don. ( ampana para combatirhi. Rev. Agr. P. R. 26(9) : SH, 
JY1arch. 

Notes on a control campaign against a bad outbreak of the cotton 
leaf worm. 

Sharp, David. 1S90. Hiologia Out. Am. Coleoptera. Nitidu- 
lidac. 1(2) : 304. 

Coproporus (as Erchomus) rutilus as a new species from St. 
Thomas and Puerto Rico and Colopterus (as Colastus ) truncatus 
Rand, listed from Puerto Rico. 

Sicard, A. 1922. Descriptions do varietes, especcs, et genres 
nouveaux appartenant a la famille de ('oeeinellides. Ann. and 
Mag. \ T at. Hist., (Scr. 9) 9:349-360. 

Seymnillus varipennis, S. nuncnmachcri, Scimnillodes cyanescens , 
* and Psorolymna maxillosa , all as new species from Puerto Rico. 

Smyth, E. G. 1916. Report of the South ('oast laboratory. 
Fourth Kept. lid. Comm. Agr. P. R. from July 1st to June 
30th 1915, pp. 44-50. 

Note on fumigation with sulfur of boats with cane coming to 
Puerto Rico from Santo Domingo to prevent introduction of Calisto 
pulchellus (as archcbates ); white grub life-history studies. 
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1917 a. lie port of the entomological department. Ami. Kept. 
Ins. Kxp. Sta. I\ R. from 1st duly, 1916 to 30tb dune, 1917, 
pp. 96-10(1. 

A summary of incoming plant inspection interceptions; reference 
is made to the fumigation of sugar cane entering from Santo 
Domingo to prevent introduction of the cane butterfly, Calisto 
pulchellus (('. a relit bates is used). 

1917 h. Tin * white grubs injuring sugar cane in Porto Rico. 
1. Life-cycles of the may beetles or melolontbids. dour. Dept. 
Agr. I\ R. 1(2) : 47 -92, 8 pis. and 1(3) : 141-169. 

P. portoriccnsis , vandinei, citri, cnumicana , described as new species. 

1918. (Vnno combat it* cl gorgojo dc la batata. Rev. Agr. 1\ 

R. 1(3 i : 13(i 139. 

Control of the sweet potato weevil. 

1919 a. A resume of plant puarunt ine work in Porto Rico from, 
duly 1910 n, duly 1919. (ns. Kxp. Sta. 1*. R. l>ul. 23, .76 
pp., 20 tables. 

The title of the bulletin itself is 41 Plant inspection and quarantine 
report (\ 918-1 ID.” 

1919 b. Inserts a.x! mot i hug 1 disease, dour. Dept. Agr. 1\ 11. 
3(4) : 83- 116. 

1 nnociil.it i:»n u itli .>“\vral >pt*ries of in>oUs 

1919 r. Au annotated bibliography of Porto Rican cane insects, 
dour. Depl. Agr. P. R. 3 ( 4 ) : 11 7- 1 34. 

1919 r/. List of t In* insects and mite pests of sugar earn* in 

Porto Rieo. dour. Dept. Agr. P. R. 3(4): 133 130. 

1919 e. I n insecto extrafio cj’r' cnbre su eria lo misnio pne una 
gallina. Rev. Agr. P. R. 2(4): 27—31, 2 ligs. 

Notes on the habits of Pachycoris torridus Scop. 

1919/. Dominio de insectos de los citric.es en Puerto Rieo. 

Rev. Agr. P. R. 3(1): 39-30 and 3(3) : 33-62. 

Directions for the control of the more important citrus insects. 

1919 r/. Como se coleceioiian y conservan los inseetos. Rev. 

Agr. P. R. 3(2) : 17-33. 

Directions for collecting and preserving insects. 



74 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE OF I\ R. 


1919 h. Dominio de la plaga de la mosca del ganado on Puerto- 
Rico. Rev. Agr. P. R. 8(5) : 10 - 24 ( 6 ) : 17-28, 4 pis. 

Suggestions on the control of the horn fly of cattle, Haematobia 

irritant} L. 

1919 i. Dominio de la plaga de la mosca cornupeta del ganado 
en Puerto Rico. Rev. Agr. P. R. 3(ft) : 17-28. 

Almost the same as above. 

1939 j. Report of the Division of entomology. Ann. Rept. Ins. 
Exp. Sta. P. R. 1st July, 1917 to 30th June, 1918 pp. 109- 
129. 

Notes on insect pest interceptions in connection with quarantine 
work; experiments in dissemination of sugar cane mosaic by insects; 
cane insects; rhinoceros beetle injury to coconuts; vegetable insects 
and on termites. 

1919/,:. Report of the division of entomology. Ann. Rept. Ins. 
Exp. Sta. P. R., 1918-1919, pp. 27-31. 

Notes on further experiments in the transmission of sugar cane 
mosaic by insects and on experiments with paraffin oil emulsion for 
the control of scale insects; this latter was ineffective against 
Pseudococcus nipae on guava. 

1920(7. The white grubs injuring sugar cam* in Porto Rico. 
IT. The rhinoceros beetles. Jour. Dept. Agr. 4(21:3-29, 4 
pis. 

A detailed study of the economic importance, life history and 
control of Strategus titanus and S. quadrifoveatus. 

1920/7. Nuestro amigo el Anolis. Rev. Agr. 1*. R. 4(f)) : 11-21. 

Notes on the various insects eaten by the abundant and wide-spread' 
lizards of the genus Anolis in Puerto Rico. 

1920 c. Informe de la division de entomologia. Mes de junio. 
IT. Ta junta teeniea de cuarentena. Rev. Agr. I\ R. 6(4) : 
29-34. 

Notes on cotton insects and the visit of U. C. Loftin to look for 
the cotton pink bollworm. 

1920 d. Pott on insects in Porto Rico. Ent. News 31(5).121- 
125. 

A summary account of all the insects observed to date affecting 
cotton in the Island with notes on their distribution, injury and 
control, 

1920 c. To keep out cane butterfly. Jour, ficon. Ent. 13 ( 1 ): 
149. 
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Note on successful efforts of the plant quarantine officials in 
Puerto Rico to keep cane from being shipped into the Island from 
Santo Domingo in order to prevent the introduction of the cane 
butterfly, Calisto pulchellus (given as C. archebates). 

1920/. Annual report, division of entomology. Ann. Rept. 
Ins. Exp. Sta. 1919-20, pp. 83-89. 

Notes on continuation of work with insects as transmitters of 
cane mosaic, inauguration of a special plant quarantine service and 
recent regulations against cotton from Puerto Rico on account of 
Eriophyes gossypii. 

1921. La inosca del ganado. Est. Exp. Ins. Lire. 39:1-17, 4 
pis. 

General account of the horn fly of cattle in Puerto Rico with 
remedies. A revision of Smyth 1919 h. 

Snyder, P. G. 1920. Beekeeping in foreign lands. Gleanings 
in Beeculture 48:721-724, 3 tigs. 

Refers entirely to conditions in Puerto Rico. 

Snyder, T. E. 1923. A new Glyptotermes from Porto Rico. 
Proc. Ent. Soe. Wash. 25 ( 4 ) : 91-93, pi. 8. 

Glyptotermes corniceps from Boquerdn, P. R. 

1924. Descriptions of new species and hitherto unknown easts 
of termites from America and Hawaii. Proc. IT. S. Nat. 
Mus. Yol. 64 , (No. 2490, Art. 61:10-12, pi. 2. 

Glyptotermes pubesccns as new from Puerto Rico. 

Stahl, Agustin. 1882. Fauna de Puerto Rico. Olasificacion 
sistematica de los animates <pie eorresponden a est a fauna y 
catalogo del gahinete zooldgico del Doctor A. Stahl en Baya- 
mon, P. R. Imprenta del Boletiu Mevc.antil, San Juan, P. R. 
Insects. Pt. 2. pp. 169-213. 

A list of the species of insects in Dr. Stahl's collection in Baya- 
m6n, P. R., from Cuba, Trinidad and Puerto Rico. 

* 1894. La enfermedad de la cafia y el eaculo. Imp. Sucesion 
J. J. Acosta, 18 pp., San Juan P. R. (Reference from IV- 
dreira.) 

Stevenson, J. A. 1918 a. Ouarentena de las plantas. Rev. Agr. 
P. R, 1 ( 4 ) :176-180. 

A brief article on the reasons for and operations of plant quaran¬ 
tines. 
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1918 b. The green museardine fungus in Porto Rico* (Met* 
'■ arizhium anisopliae (Metsch.) Sorokin.) Jour. Dept. Agr. 
P. R. 2(1) : 19—32, 3 figs. 

The species of insects attacked by the fungus in breeding cages 
in Puerto Rico is given and includes Phyllophaga and other common 
Scarabeids. Conclusion is readied tliat it will not serve as a practical 
means of controlling white grubs in the Island due to great 
dependance on humidity and other factors. 

Stevenson, J. A. and Cotton, R. T. 1918. Preparation and use 
of lime-sulfur. Ins. Exp. Eta. Circ. 13, 9 pp. 

Strong, L. A. 1921 a . Quarantine Division. Reports for the 
months of July and August 1921. Mtlily. Bui. Cal. Dept. Agr. 
10(9) : 381-385. 

Records Lepidosaphes beckii intercepted on grapefruit from Puerto 
Rico. 

1921 Quarantine division. Synopsis of work for the month 
of March, 1921. Mt-lily. Bui. Cal. Dept. Agr. 10(5-6) : 212. 

Lepidosaphes beckii listed as intercepted on grapefruit from Puerto 
Rico. 

1922. Bureau of plant quarantine. Synopsis of work for the 
months of January and February 1922. Mtlily. Bui. Cal. 
Dept. Agr. 9(5-6): 471-476. 

Records Lepidosaphes beckii intercepted on oranges from Puerto 
Rico. 

Suffrian, C. 6. L. E. 1852. Zur Kentniss der Nordamerikanis- 
cheri Cryptocephalen. Linnaca Entomologica 6:282-283 and 
7:85 and 203. 

Vol. 6: 282-283, CryptocephaVus nigrocinctus as a new species and 
Vol. 7: 85 and 203, Cryptocephalus polygrammus and Pachybrachya 
praetextatus as new species, all from Puerto Rico. 

Tapia y Rivera, Alejandro. 1854. Biblioteea historica de 
Puerto-Kico, que contiene varies doeumentos cle los siglos XV, 
‘XVI, XVII y XVIII, coordinadoH y anotados, 6 + 587 pp. + 
14, Puerto Rico. 

On pp. 21-22 is a brief note that in 1510 Sotomayor founded the 
settlement of Gu&nica which he and his companions were obliged to 
vacate because of the great abundance of mosquitoes. (Oviedo, q. v.). 

Teague, M. M. 1925. A review of the genus Aclerda (Hemip- 
ptem; Coccoidea). Ann. Ent. Soc. Am. 18(4) : 439, 3 figs. 
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Aclerda sacchari described as a new species from Arecibo and 
Morovia, P. R., on stalks and roots of sugar cane (Geo. N. Wolcott^, 
collector). 

Thomas, W. A. 1928. The Porto Rican mole cricket. TJ. S. 
Farmers’ Bui. 1561, pp. 1-9, 3 figs. 

General account of economic importance, life-bistory, and control 
of Scaptvri'sctts vie in ns Ljit.r. which was introduced into the Southern 
States supposedly from Puerto Rico, probably in the ballast of ships. 

Torres, Ignacio L. 1927. El gorgojo del name del guineo 
(Cosmopolites sordid us). Rev. Agr. P. R. 19(2') : 56-58, 2 figs. 

A general popular account of the insect and its eontrol in Puerto 
Rico. 

1928. Algo sobre algodon Sea island. Rev. Agr. P. R, 22(9) : 

91-92, 3 figs., March. 

Brief account of the cotton industry in Puerto Rico and of the 
more important insect pests and their control. 

1929. El eultivo do papas on Puerto Rieo. Rev. Agr. P. R. 

24(6 ) : 239-242. 

It is stated on p. 211 that more or less damage was done to experi¬ 
ment!!) plots of Irish potatoes at Gidra, ('omerio. liarramjuitas, Ad 
juntas, and Lares by mole crickets, flea-beetles, white grubs, the 
potato tuber moth. Phfhori niara oprrettfrllo, ami the cutworm, Xyto- 
mif/cs sunia; good control of leaf-feeders was obtained in an experi¬ 
mental plot at Lares with copper-lime-arsenate dust. 

1931. (’ampulla contra el gusano rosado del algodon. Rev. 

Agr. P. R. 26(11) : 175-176, May. 

A radio talk to explain to cotton growers the bad situation with 
regard to the pink boll worm and to outline measures for its relief. 

Tower, W. V. 1907. Report of the entomologist and plant 
pathologist. P. R. (Mayagiiez) Agr. Exp. Sta. Rept. for 1906, 
pp. 25-28. 

This is Mr. Tower’s first report. Brief notes on the status and 
control of insects attacking citrus, coffee and cane. 

1908 a. Report of the entomologist and plant pathologist. P. R. 

(Mayagiiez) Agr, Exp. St$. Rept. for 1907, pp. 31-38. 

Notes on insects affecting citrus, tobacco, vegetables, sugar cane 
and pineapples. 

,1908 6. Control of the brown ant ( Solenopsis geminata Fab.) 
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and the mealy bug (Pseudocode us citri Kisso) in pineapple 
plantations. P. R. (Mayagiiez) Agr. Exp. Sta. Circ. 7:1-3. 
The mealy bug is Pseudococcus brevipes CkU. instead of oitri. 

1909. Report of the entomologist. 1\ R. (Mayagiiez) Agr. 
Exp. Sta. Kept, for 1908, pp. 23-28. 

Notes on insects affecting citrus, pineapples and coffee; Italian 
bees introduced. 

1910. Report of the entomologist. 1\ It. (Mayagiiez) Agr. 
Exp. Sta. Itept, for 1909, pp. 24-28. 

Notes on insects affecting citrus, on white grub injury to cane, 
on cigarette beetle fumigation and on apiculture. 

1911 a. Report of the entomologist. 1\ R. (Mayagiiez) Agr. 
Exp. Sta. Kept, for 1910, pp. 31-34. 

Notes on guava insects, citrus fumigation, the coffee shade-tree 
ant and on apiculture; brief report on a trip to Cuba to study cane 
insects. 

1911 b. Insects injurious to citrus fruits and methods for com¬ 
bating them. P. R. (Mayagiiez) Agr. Exp. Sta. Bui. 10. 3f> 
pp., 5 pis. Also a Spanish edition of 30 pp. in 1912. 

General account of the more important species present; the first 
» comprehensive account, for the Island. 

1911 v. Beekeeping in Porto Rico. P. h\ (Mayagiiez) Agr. 

Exp. Sta. Circ. 13:1-31 pp.. 1 pi. Also a Spanish edition. 

1912 a. A study of the mosquitoes in San Juan, Porto Rico. 
P. R. (Mayagiiez) Agr. Esp. Sta. Circ. 14:1-23. Also a 
Spanish edition in 1913. 

1912 6. Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Kept, for 1911, pp. 32-36. 

Notes on apiculture and on citrus and mango insects. 

*1912 v. Beekeeping in Porto Rico. First Ann. Rept. P. R. 

Ilort. Soe. for 1912, pp. 64-68. 

Brief notes on the possibilities of developing a beekeeping industry 
in Puerto Rico and notes on the more important honey plants. 

1920 a Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Rept. for 1918, pp. 15-17. 

Mostly notes on apiculture. 
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1920 6. Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Rept. for 1919, pp. 21-25. 

Notes on mosaic transmission tests and on honey plants; a citrus 
thrips population survey noted is especially interesting altho the 
species involved were, apparently, not determined; injury to oranges 
was noted in several places. 

1921a. Report of the entomologist. I*. R. (Mayagiiez) Exp. 

Sta. Rept. for 1920. pp. 23-27. 

Brief notes on apiculture, mosquitoes, cattle ticks and on scale 
insects of citrus. 

1921 I). Mosquito survey of Mayagiiez. I\ R. (Mayagiiez) Agr. 

Exp. Sta. (’ire. 20: 1-10 pp. 

1922. Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Rept. for 1921. pp. 23-20 (published as l T . S. Dept. 

Agr., Office of Exp. Sta. Bui. 171). 

Records trials of sugar cane mosaic transmission with Sipha flava 
and other insects; notes on cattle tick work and on apiculture. 

1923. Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Kept, for 1922, pp. 13-14. 

A report on spraying experiments for the control of citrus scab. 

1923. The eigar hectic. P. R. (Mayagiiez) Agr. Exp. Sta. 

Agr. Ext. Notes No. GO, 1 p. (mimeographed). 

Damage to cigars and to loose leaf tobacco in bales by Lasioderma 
serr iconic F. in Puerto Rico is described and advantages of fumiga¬ 
tion are pointed out. 

1924. Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Kept, for 1923. pp. 11-15. 

Notes on fumigation for the cigarette beetle in tobacco factories, 
control of citrus insects, cotton insects and melon and cucumber 
insects. 

Tracy, S. M. 1903. La eria del cerdo en el sur. Dept. Int. 

P. R., Neg. Agr. y Minas, Bol. Agr. S. pp. 45-4G. 

A Spanish translation of V. S. Farmers’ Bui. 100 ‘‘Hog raisng in 
the South,’* ISPP, which includes a brief description of the hog Pus* 1 
and its control. 

Tucker, C. M. 1924. The eo'conut bud-rot in Port o Rico. P 

R. (Mayagiiez) Agr. Exp. Sta. Agr. Notes No. 2, 2 pp., 15th 

April. 

Stated that insects are attracted to decaying buds and rotted 
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portions and are one of the means of disseminatiUg the disease m 
Puerto Bico. 

U. S. Dept. AgT., Fed. Hort. Bd. 1922. Service and Regulatory 
announcements, July-Deeember 1921, No. 71, pp. 95-178. (AJhs. 
in Rev. Appl. Ent. 10:595.) 

Note on the extended infestation in Puerto Rico of Pectmopkom 
gosaypiella from which the U. S. is protected from introduction by 
the quarantine recently having been extended to Puerto Bico. 

1925. Fruit ami vegetable quarantine of Porto Rico. Notice 
of quarantine 58, 5 pp.. May 27. 

Anastrepha fraterculus, the West Indian fruit fly, and Marwsa 
testulalis, the bean pod-borer, are specifically mentioned. 

1926. Hawaiian and Porto Rican quarantine covering sand, 
soil or earth, with plants. Notice of quarantine No. 60, 1 p., 
February 19; 

To prevent the spread of Lachnosterna and several species of 
Termites no sand, soil or earth around the roots of plants may be 
moved from these countries into the U. S. except for experimental 
or scientific purposes, effective March 1, 1926. 

U. 8. Dep. Agr . P. Q. C. A. 1929. [Administrative instruc¬ 
tions concerning Mediterranean fruit fly quarantine.] Circ. 
Nos. 229 & 234, 2 pp., multi graph, Washington, 1). C. 

No host fruit or host vegetable from Florida may be moved or 
reshipped to any of 18 southern or western states or to Puerto Bico. 

Van Deusen, Elizabeth Kneipple. 1930. Famous Porto Ricans 
of the past. Augustin Stahl. P. R. School Rev. 14(5): 26-27. 

A biographical sketch of the foremost pioneer student of the 
natural history of Puerto Rico. 

Van Deusen, R. J. ahd E. K. 1931. Porto Rico—A Caribbean 
Isle, 342 pp., many illustrations, New York. 

A general history of Puerto Rico from prehistoric times to tho 
4 present day. On p. 54 is a reference to the mosquito plague at 
Gu&nica in the year 1510. 

Van Dine, D. L. 1911. (Cane insects). First report of the* 
entomologist of the experiment station. Sugar Growers’ Ass. 
P. R. Exp. Sta. Rul. 1, pp. 17-31. Also in Yearbook of Assn. 
Sugar Prod. P. R. for 1910-1911, pp. 43-57. 

A general discussion of the more important sugar cane insects 
r sad their status in Puerto Rico. 
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1912 a. Report of the entomologist. Second annual report 
Sugar Prod. Assn. P. R. Exp. Sta. for the year 1911-1912, 
pp. 15-22. 

Notes on the progress of investigations on various sugar cane 
insects. 

1912 b. Daho oeasionado al jugo de la cana por el barreno del 
tallo o “borer”. ( Diatraea saccharalis Fab.) Est. Exp. 
Asoc*. Prod. Azucar P. R. Circ. 1:1—11. Also an English 
edition, same date and number of pages entitled “Damage 
to sugar-cane juice by the moth stalk-borer”. 

1912 c. Progress report oil introductions of beneficial parasites 
into Porto Rico. First Kept.. Bd. Comm. Agr. P. R. for duly 
1, 1911-dan„ 1912, pp. 31-47. 

Report on the preliminary studies in the U. 8. and introduction 
from Illinois thru 0. E. Hood of Tiphia parasites of white grubs; 
copy of Hood 7 s report is included; also a record of the introduction 
of the lady beetle, Cryptolaemus montrouzieri from Calif, for Pseudo- 
coccus spp. 

1912d. The mango insect pests of Hawaii. First Ann. Rept. 
V. R. llort. Soc. for 1912, pp. 15-19. La Bandera Press, 
Mayagiiez. 

Notes on the principal mango insects of Hawaii presented for the 
information of growers in Puerto Rico. 

1912 c. Mango insects in Porto Rico. First Ann. Rept. I\ R. 
ITort. Soc. for 1912, pp. 20-22. 

Notes on tin* mango fruit fly ( Anastreplm «[>.), a scale insect and 
a tlirips. 

1913 a. The introduction of parasites of may-lieetles into Porto 
Rico. Second Rept. Bd. Comm. Agr. P. R. for 1912-1913, 
pp. 30-48. 

The work referred to in the previous report is reviewed and that 
done since, including Wolcott’s activities in Illinois and his West 
Indian trip to study sugar cane insects and their parasites; breeding 
notes on the introduced Tiphia . 

1913 b. Report of the entomologist. Third Ann. Rept. (Bui. 
5) Sugar Prod. Assn. P. R. Exp. Sta., pp. 23-46. 

1914. Informe del entomologo. Bol. 5, Est. Exp. Asoc. Prod. 
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Azucar de Puerto Rico. (Tercer inf. anual), pp. 27-48* 
(The Spanish edition of the preceding.) 

Includes a list of 30 sugar cane insects in Puerto Rico and a 
bibliography of 41 titles. 

* 1913 c. Insects injurious to sugar cane in Porto Rico and their 
natural enemies. Jour. Bd. Agr. British Guiana 4(4) : 199- 
203, April. 

According to Wolcott (see bis “List” j>. 14) this contains the 
same information as in Van Dine 1913 b and d. The volume may 
be No. (). I have not seen this personally. 

1913 d. The insects affecting sugar cane in Porto Rico. Jour. 
Econ. Ent. 6:251-257. 

A brief summary of all the insects found affecting sugar cane 
during the two years entomological investigations have been in 
progress at the P. R Sugar Producers’ Exp. Station; brief previous 
history. 

van LeenhofT, J. W. 1906. Report of the coffee specialist. 

Diseases and insect pests. P. li. (Mavagtiez) Exp. Sta. Rept. 

for 1905, pp. 46-47. 

Brief notes on Leucoptera coffcella, Saissetia hemisphaerica and 
leaf weevils ( Lachnopus ). 

1907. Report of the coffee expert. Diseases and insect pests. 
P. R. (Mayaguez) Agr. Exp. Sta. Rept. for 1906, pp., 31-432. 

Mostly a brief note on a fertilizer experiment for the control of 
the coffeo leaf-miner with results apparently negative to date. 

1908. Report of the coffee expert. Diseases and insect pests. 
P. R. (Mayaguez) Agr. Exp. Sta. Ivept. for 1907, p. 40. 

Note on a borer; the leaf-miner fertilizer experiment referred to 
previously is reported successful. 

van Volkenberg, H. L. 192!) r/. Report of the parasitologist. 

P. R. (Mayaguez) Agr. Expt. Sta. Rept. for 1927, pp. 28-31. 

Several external parasites of domestic animals and poultry are 
recorded. 

1929 b. Report of the parasitologist. P. R. (Mayaguez) Agr. 
Exp. Sta. Rept. for 1928. p. 36. 

Screw-worm flies are reported as common and open wounds ifc 
animals are always liable to infestation by the maggots. 
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1930. Report: of the parasitologist. P. R, (Mayagiiez) Agr. 

Exp. Sta. Rept. for 1929, pp. 26-29. 

Notes on cattle tick eradication. 

1931. Report of the parasitologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Rept. for 1930, pp. 38-40. 

Notes on the occurrence of a tapeworm cysticercoid in the dung 
beetle, Ataenvus stercorator Fab. and in the water beetle, Tropis - 
tcrnus collaris Fab. 

1932. Report of the parasitologist. P. R. (Mayagiiez) Agr. 

Expt. Sta. Rept. for 1931, pp. 24-27, 1 fig. 

Notes on various external parasites of livestock, including ticks, 
flies of various kinds, fleas and lice; an interesting observation 
is that the water-beetle, Tropisternus collaris Fab. is an intermediate, 
and apparently important, host of the thorny-lieaded worm, Macra - 
canthorynchus hirundmaceus , of swine. 

van Zwaluwenburg, R. H. 1915. Report of the entomologist. 

P. R. (Mayagiiez) Agr. Exp. Sta. for 1914, pp. 31-25. 

Notes on mole crickets, coffee leaf-miner, coffee shade-troe insects 
and on other miscellaneous insects and on honeybees. 

1916 a. Report of the entomologist. 1\ R. (Mayagiiez) Agr. 

Expt. Sta. Rept. for 1915, pp. 42-45. 

Notes on insects attacking coffee and coffee shade-trees, vegetables 
and on white ants, the coconut rhinoceros beetle and several miscel¬ 
laneous pests. 

1916 b. Notes on the life-history of Kvpantheria erklanus Cra¬ 
mer. Insect. Ins. Men. 4:12—17. 

The studies were made in Puerto Rico. 

191.7. Insects affecting coffee in Porto Rico. dour. Eeon. Ent. 

10(6): 513-517. 

A summary of the knowledge of this subject up to that time. 

1918 a. Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Rept. for 1916, pp. 25-28, 1 pi. 

Notes on the cattle tick, mole cricket, may beetles, apiculture and 
miscellaneous insects. 

1918 6. Report of the entomologist. P. R. (Mayagiiez) Agr. 

Exp. Sta. Rept. for 1917, pp. 31-34. 

Life-history data on the cattle tick, notes on a Phorid fly destructive 
to corn kernels and miscellaneous notes. 
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1918 c. The changa or West Indian mole cricket. P. II. (Ma- 
yagliez) Agr. Exp. Sta. Bui. 23:1-27 pp., 3 pis. 

An excellent general account with extensive bibliography. 

Van Zwaluwenburg R. H. and Thomas, H. E. 1918. Some 

means of controlling insects, fungi and other pests in Porto Rico. 
P. It. (Mayaguez) Agr. Exp. Sta. Giro. 17:1-30. 

General account with control measures. 

Van Zwaluwenburg, R. H. and Vidal, Raphael. 1918. Rearing 
queen bees in Porto Rico. P. R. (Mayagiiez) Agr. Exp. Sta. 
Giro. 16:1-12, 5 tigs. Also a Spanish edition. 

Varas Catala, Juan. 1922. Tabla por la que deberan regirse 
los ganaderos al preparar la solucion arsenical con el eotieeu- 
trado Atlas cattle dip. Rev. Agr. P. R. 8(3) : 65-68. 

Vickery, R. A. 1926. Observations on (Hrphis latiuscula H. 
Sch. in the Gulf region of Texas. Jour. Agr. Res. 32(12) : 1099- 
UP), 3 tigs., 14 refs. 

Stated that this species is known in Tropical America, especially 
in Cuba and Puerto Rico as a pest of sugar cane and other large 
grasses. 

f 

Vidal, Rafael. 1916. Some of the needs of the Porto Rican 
Beekeeper. Gleanings in Beeculture 44:409-410, 1 fig. 

Viereck, H. L. 1913. Descriptions of ten new genera and 
twenty-five new species of ichneumon-flies. Proc. (J. S. Nat. 
Mus. 44:(No. 1968) : 555-568. 

The following are described as new species from Puerto Rico: 
Crassimicrodus fenestratus, Apanteles ( Protapanteles ) mayaguensis, 
Ophcs (Utetes) anastrephae, Eiphosoma ( Brachixiphosoma) insularis 
and Cristolimorpha plesms. 

Voorhees, E. B. 1903. Gultivo del tomate en los Estados Uni 
dos. Dept. Int. P. R.. Neg. Agr. y Minas Bol. Agr. 15, pp. 
44-45/ 

Brief general account of tomato insects in this Spanish translation 
of U. 8. Farmers' Bui. 76 on “ Tomato Growing, 99 1898. 

Walsingham, Lord. 1892. On the Microlepidoptera of the West 
JndieB. Proc. Zool. Soc. London for 1891, pp. 492-549, 1 pi 
(41). 

Includes a number of species specifically stated to occur in Puerto- 
Bico; apparently none described as new. 
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1897. Revision of the West Indian Mierolepidoptera, with de¬ 
scriptions of new species. Proc. Zool. Soc. London for 1897, 
pp. 54-182. 

This brings the previous paper up to date. 

Walton, W. R. 1912. A new species of Taehinidae from Porto 
Rico. Proc. Ent. Soc. Wash. 14(4) : 198-200, 1 pi. 

Cryptomeigenia aurifacies, a parasite of May-beetles. 

1912. Now N(>rth American Tac.hinidae (Dipt.). En 1. Nows 
24(2) : 49- 51, p]. 3, figs. a-f. 

Eutrixoides jonesi as a new genus and species from Puerto Rico, 
another parasite of May-beetles. 

1914. Kom* new species of Taehinidae from North America. 
Proc. Ent. Soc. Wash. 16(2): 92 95. 

Linnaemyia fulvicauda and Compsilura oppugnator as new species 
parasitic on Cirphis latiuscula H. S. from Puerto Rico. 

Watts, R. L. 1903. (hiltivo de la cebolla. Dept. Int. P. R., 
Neg. Agt*. y Minas, Boh Agr. 9, p. 27. 

A Spanish translation of 1\ S. Fanners’ Ilul. 39 ‘‘Onion Culture, ’ ’ 

I N90, which includes a brief account of the onion maggot and its 
coni rol. 

Weise, J. 1SS5. Bcitrag zur <-hrysomeliden—imd Coecinelli- 
den-Eanna Bortorico Vt. Archiv fiir Naturgescliichte 51 (1 ) : 144- 
108, pi. 8. 

The following species are described as new: Lema nigripes and 
Cryptoccphalus tristiculus, p. 147, lerugi , p. 148, stolidus, p. 149, 
perspicax , p. 151 and nothus , p. 3 52; Pachybrachys mendicus, p. 153; 
Mrtarbroma antcnnalis, p. 155; Leueoccra laevicollis, p. 15G; Gale - 
media varicornis, p. 157 ; IHftonycha pallipes , p. 159; Hermoeophaga 
cylindrica , p. 160; Megistops fictor , p. 162: Homophyla lerugi , p. 
163; Syslena varia, p. 164; Octhispa loricata, p. 160. 

Wetmore, Alex. 1910. Birds of Porto Rico. U. S. Dept. Agr. 
Bui. 220: 1-140 pp., 10 pis. Also published as Bui. 15 Ins. Exp. 
Sta. P. R., same date. 

Contains a great deal of data on insects as the food of Puerto 
Rican birds. 

Wheeler, Wm. M. 1908. The ants of Porto Rico and the 
Virgin Islands. Bui. Am. Mus. Nat. Hist. 24 (Art. 0) : 117-158, 
pis. 11 & 12. 

Describes 8 new species and varieties. 
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White, W. H. 1916. The sugar-beet thrips. U. S. Dept. Agr. 
Bui. 421, p. 2, 8 figs., 2 pis. 

Records Eeliothrips femoralis Reut. as occurring on sugar cane 
in Puerto Rico. 

Wiedemann, C. R. W. 1830. Aussereuropaische zweifliigelige 
Tnsekten 2, pp. 41-42. 

Sargus bicolor as a new species from Puerto Rico. 

Wolcott, A. B. 1923. Two new speciesof West Indian Cleridae 
(Coleoptera). Am. Mils. Novitates No. 59, 3 pp., 2 figs., Feb¬ 
ruary 14. 

Callotillus crusoe as a new species from Puerto Rico. 

Wolcott, Geo. N. 1913. Report on a trip to Demerara, Trini¬ 
dad and Barbados during the winter of 1913. Jour. Econ. Ent. 
6(2) : 443-457. Reprinted in Third Ann. Rept. (Bui. 5) Sugar 
Prod. Assn. P. R. Exp. St a. pp. 47-68. Also see “ In forme sobre 
un viaje a Demerara, Trinidad y Barbados durante el inviemo 
de 1913 ’ 9 in Bol. 5, Est. Exp. Asoc. Prod. Azucar do Puerto 
Rico (3er. Inf. Anual), p. 49-71, 1914. 

A detailed report on observations on the insects affecting sugar 
cane and their parasites in the places visited. 

1915. Influoneia de la lluvia y queinazon de la paja sobre la 
abundancia de Diatraea saccharalis. Est. Exp. Asoc. Prod. 
P. R. ("ire. 7:1-6, map. (Also in English “The Influence of 
Rainfall and the Non-Burning of Trash on the Abundance 
of Diatraea saccharalis”.) 

1917. Report of the entomologist. Fifth Rept. Bd. Comm. 
Agr. P. R. for the period from 1st July, 1915 to 30th June, 
1916. 

Notes on quarantine enforcement and inspection, control of scales 
on citrus, tobacco fiea-bcetles and their control, and a number of 
tegetable insects. 

1921 a. Los comejenes de Puerto Rico. Est. Exp. Ins. Cire. 
44:1-14, fig. 12. 

General account of the more injurious termites of Puerto Rico 
and suggestions for their control, 

1921 b . El caculo taladrador del tallo del cafeto (Apate fran* 
cisca Fabr.). Est Exp, Ins. Circ. 48:1-7, fig. 2. 

General account of the coffee stem-borer and its control. 
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1921 c. El rainador de las hojas del cafe, Leucoptera coffella 
Stain. Est. Exp. Ins. Circ. 52:1-12, fig. 6. 

General account of the coffee leaf-miner and suggestions for its 
control. 

1921 d. The minor sugar-cane insects of Porto Rico. Jour. 
Dept. Agr. P. R. 5(2)5-46, fig. 19. 

1921 e. Las jdagas del cacao en Santo Domingo y algunas in- 
dicaciones para eombatirlas. Rev. Agr. P. R. 6(6) : 11—12. 

Mention that aphids and mealybugs are common in Puerto Rico 
as in Santo Domingo as well as in other Tropical countries. 

1821/. Annual report of the division of entomology. Ann. 
Rept, Ins. Exp. Sta. P. R., 1920-21, pp. 47-49. 

Experiments in insect transmission of sugar cane mosaic by insects: 
notes on banana and coffee insects and on Phthorimaea operculella 
Zell., stated to be the most important insect of the year, injuring 
tobacco, potato tubers and egg plants. 

1922 a. Los gusanos de la ho.ja del tabaco. Est. Exp. Ins. Circ. 
53:1-15, fig. 8, pi. 1. 

Brief general account of the. horn worm, leaf-miner and cutworms 
of tobacco. 

1922 b. Aiidos de importaneia eeondmica en Puerto Rico. Est. 
Exp. Ins. Circ. 59:1-11, fig. 9. 

Brief aceount ot* the more' important injurious aphids in Puerto 
Rico. 

1922 c. Vaquitas de importaneia eeondmica en Puerto Rico. 
Est. Exp. Ins. Circ. 60 :l-20, fig. 20. 

Brief account of the more important injurious weevils in Puerto 
Rico. 

1922 d. Inseetos que ataean los product ores alnmcenados. Est. 
Exp. Ins. Circ. 65 :1-8. 

Brief account of the principal insects attacking foods and stored 
products in Puerto Rico. 

1922 e. Insect parasite introduction into Porto Rico. Jour. 
Dept. Agr. P, R. 6(1) : 5 t- 20, fig. 7. 

An excellent summary of the history and present status of parasite 
introduction. 

1922/. The influence of the variety of sugar-cane on its in¬ 
festation by Diatraea saccharalis and other factors affecting 
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the abundance of the moth borer. Jour. Dept. Agr. P. R. 
6(1): 21-31, fig. 2. 

An analysis of the various factors involved: rainfall* varieties and 
parasites. 

1922 g. The insects of sugar cane in Santo Domingo. Jour. 
Dept, Agr. P. R. 6(1) : 32-37, pi. 1. 

An annotated list of 32 species compiled from 5 months’ observa¬ 
tions by the author, notes made by Tower of Puerto Rico during a 
trip to tho country and from determinations of collections from the 
Romana Central and from notes by E. G. Smyth of Puerto Rico. 
Some occur in Puerto Rico. 

1922 i. The status of entomology in Porto Rico. Jour. Dept. 
Agr. P. K. 6(2) : 3-11. ( Also cither reprinted or abstracted 

in Sugar (Review) 26: 93, Pel)., 1924, New York.) 

A valuable summary of the history of entomological work in the 
Island and of the activities of the principal workers and agencies 
by which it has been accomplished. 

1922 j. Informe de la estacibn experimental insular. Infonne 
del departamento de entomologia. Rev. Agr. P. R. 8(2) : 65- 
68 . 

Notes on several insects injurious during the year. 

1922 k. Curso de instruction a los maestros v agentes agricolas 
(Entomologia). Rev. Agr. P. R. 8(3): 21-30. 

1922/, Informe sobre un viaje iieelio a la region algodonera 
para obsorvar las plagas de insect os (pie atacan al algodbn. 
Rev. Agr. P. R, 9(3) : 15. 

1922 m. A reaction to a variation in light intensity by the cof¬ 
fee leaf miner. Ecology 3(1): 86. 

An observation indicating that both the moths and caterpillars 
of Leucoptera coffclla are remarkably sensitive to variations in 
subdued light intensities. 

1922 n. The distribution of the pink bolhvorm of cotton, Pec- 
tinopliora (/ossy/mlla Saunders, in Porto Rico. Jour. Econ. 
Ent. 15(4) : 313-314, map. 

Presents a summary of the results of a survey made during tho 
winter and spring of 1922. 

1922 o. Informe anual de la division de entomologia para el 
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ano fiscal de 1921 a 1922. Inf. An. Est. Exp. Ins. P. R., 
1921-1922, pp. 55-60. 

Notes on experiments in the control of white grubs and in insect 
transmission of cane mosaic and on coffee insects; several other 
injurious insects noted and reference is made to the discovery of 
the pink bollworm and the banana root-weevil during 1921. 

1922/;. Tres cartas. Rev. Agr. P. R. 9(5) : 39-40. 

Letters concerning beetles which injure the sweet potato, and 
the cotton leaf worm. 

1923 a. El cuoubano, Pyrophorus hvminosus Illiger. Est. Exp. 
Ins. ('ire. 50:1-8, 3 figs. 

Life-history, distribution and economic importance; beneficial 
habits of larva, which devours largo numbers of white grubs 
(Phyllophaga spp.). 

1923 b. TJhe distribution of the pink bollworm in Porto Rico. 
Ins. Exp. Sta. Circ. 85:1-7, 1 map. 

Brief account of spread from time of discovery and results of 
a survey made during the winter and spring of 1922-1923. 

1923 r. “lnsectac Portoriconsis, ’ * a preliminary annotated 
check-list of the insects of Porto Rico, with descriptions of 
some new species. Jour. Dept. Agr. P. R. 7(1): 1—313, 2 
pis. < Actual date of publication. March 5. 1924.) 

About 2,300 species listed, with localities, food-plants, dates and 
much biblographical data; 32 species are described as new. 

1923 </. Entomological papers. The food of Porto Rican liz¬ 
ards. Jour. Dept. Agr. P. R. 7(4): 5-37. (issued August, 
1924.) 

1923 e. Entomological papers. First supplement to Insectae 
Portorieensis. Jour. Dept. Agr. P. R. 7(4) : 38-43. (Issued 
August, 1924.) 

Corrections and additions. 

1923 /. An important new pest of beets in Porto Rico. Jour. 
Econ. Ent. 16(6) : 459-460. 

Notes on the injury, abundance, food-plant and natural enemies 
of Disonycha laevigata Jacoby. 

1924 a, Entomologia Economica Puertorriquena. Est. Exp. 
Ins. P. R, Bol. 32:1-176, 12 pis. 97 figs. 

General account of the more important economic insects in Puerto 
Rico with control measures. A very useful paper. 
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1924 &. Hormigas. Bst. Exp. Ins. P. R. Cire. 75:1-11. 

General account of the more important injurious ants in Puerto- 

Rico and their control; 45 species of ants known to occur in the 
Island. 

1924 c. Annual report of the division of entomology for the 
fiscal year 1922-23. Ins. Exp. Sta. P. R. Kept, for 1922- 
1923, pp. 51-57. 

Notes on white grub and sugar cane mosaic transmission ex¬ 
periments; coffee shade tree insects and bees in coffee groves, banana 
root borer, tobacco leaf-miner, pink bollworm, cotton leaf-worm and: 
on other cotton insects. 

1924 d. Annual report of the division of entomology, fiscal 
year 1923-24. Ins. Exp. Sta. Kept, for 1923-24, pp. 88-103. 

Notes on white grub control, on the coffee shade-tree ant and 
its control, on pink bollworm, banana root borer, termites and several' 
other injurious inseets. 

1925 a. The comparative resistance of woods to the attack of 
the termite, Cryptotermes brevis Walker. Ins. Exp. Sta. P. 
R. Bui. 33:1-15. 

A list of the different kinds of woods arranged in order of their 
comparative resistance to attack shows that cypress is absolutely 
resistant and mahogany somewhat less so. 

1925 b. On the amount of food eaten by insects. Jour. Dept.. 
Agr. P. R. 9(1) : 47-58. 

Feeding experiments with several species of insects carried on in- 
Puerto Rico. 

1926. Notes on the insects of the sea-grape, Covcoloba wvifera 
(L.) Jacq, in Porto Rico and adjacent countries. Bui. Ent. 
Res. 17(1) : 49-52. 

1927. Common insect pests prefer other host plants in Haiti. 
Jour. Econ. Ent. 20(2): 429-430. 

System basalis Duv. stated to be usually on tobacco in Puerto 
Rico but on cotton in Haiti and Nezara viridula L. but once recorded' 
as damaging tobacco in Puerto Rico and observed also commonly 
in a field in Haiti altho it occurs mainly on cotton in the Lease r 
and on tomatoes and peppers in the Greater Antilles. 

1928. The maybeetles of Haiti (Searabeidae: Coleoptera). Proe. 
Ent. 8oc. Wash. 30(2): 21-29. 

The abundance of Phyllophaga in Puerto Bico is referred to flfe> 
page 81. 
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1929 a. The mystery of Alabamai argillacea. Am. Nat. 63, 
(684) : 82-87. 

“In the scattered cotton fields of Puerto Rico, Alabama some¬ 
times appears in destructive numbers but in other years is not to 
be seen . } ’ 

1929 b. Notes on the life history of Exophthalmus quadrivii- 
tatus Oliv. (Coleoptera). Proc. Ent. Soc. Wash. 31(2): 21- 
26. 

Mention of injuries by Diaprepes in Puerto Rico is made on 
page 21. 

1929 c. Weather and the non-burning of trash in borer control 
in Porto Rico. Trans. 4th Int. Congress Ent. 2: 62-64. 

Extensive observations show that infestation by the sugar cane 
borer, Diatraea saccharalis Fab. is inversely proportional to the 
amount of rainfall and worse where the trash is burned due to 
destruction of parasites. 

1931. The infestation of young okra pods by the pink boll- 
worm in Porto Rico. Jour. Dept. Agr. P. R. 15(4) : 395-398. 

1932 a. Insect conditions in Porto Rico during February, 1932. 
Ins. Pest Surv. Bui. 12(2): 76, April 1. 

1932 b. On methods of determining borer abundance in cane 
fields. Proc. Fourth Congress Int. Soc. Sugar Cane Techs. 
(Preprint Bui. 88:1-2), San Juan, P. R. 

Experiments carried on in Puerto Rico are referred to. 

1932 c. Insect conditions in Puerto Rico during July, 1932. 
Tns. Pest Surv. Bui. 12(6): 293. 

Notes on the cottony cushion scale and lima bean pod-borers. 

1932 d. Insect conditions in Puerto Rico during August, 1932. 
Insect Pest Surv. Bui. 12(7): 338, September 1. 

A note is included on the Status of the cottony cushion scale, 
leer if a pureliani Mash., as of the middle of August. 

1932 e. The effect of the hurricane of San Cyprian on insects in 
Puerto Rico. Tns. Pest Surv. Bui. 12(9) : 409-410. 

Some insects present in normal numbers and others reduced; 
notably among the latter is the cottony cushion scale, which however 
was undoubtedly considerably extended in its distribution. 

Wolcott, G. N.. More, J. D. and Sein Jr., P. 1921. La oruga 

rosada de la capsula del algodon en Puerto Rico. Est. Exp. 
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ins. P. R. Cire. 63, 12 pp., 3 figs. Reprinted under tlie same 
title in the Agricultor Puertorriqueno 11(7): 7-8, 28, 3 figs., 
1921. 

General account of the discovery, distribution life-history, and 
control of the pink bollworm of cotton in Puerto Rico. 

Wolcott. G. N. and Sein Jr., F. 1921. La lapa del tabaco y 
otras siembras. Est. Exp. Ins. P. R. Circ. 51. 

General account of the damage and control of the slug, Veroni- 

cvlla occidental is Guild, on tobacco and other crops in Puerto Rico. 

Wolcott, G. N. and Sein Jr., F. 1922. Los caculos cornudos o 
los esearabajos rinocerontes de Puerto Rieo. Est. Exp. Ins. P. 
R. (/ire. 53:1-13, 4 pis. 

Brief general account of Strataegus quadrifoveatus Beauv. and S. 
tit anus Fab. 

1931. La oruga rosada de la capsula del algoddn eu Puerto 
Rico. Est. Exp. Ins. P. R. Circ. 95:1-13, 4 figs. 

General account of the pink bollworm in Puerto Rico and suggested 
control measures. 



APPENDIX 


As a partial guide or index to this bibliography the following list 
of authors is given. The names are grouped largely under the orders 
of insects, altho several general subjects such as malaria, apiculture, 
and plant quarantine are included. Altho it will be found by turn¬ 
ing to the references cited under these authors that the papers art 1 
mostly of a systematic nature, the names of authors of some of the 
more important, economic papers have also been included, especially 
where a paper deals with a single species. Where no date follows 
an author’s name it means that then* is either only a single reference 
listed for that author or that all the references by that author deal 
with the group of inserts or subject, designated. 

Ai’KuuyruKK 

Anonymous, 1928 u, 1928 6; Abad, JR.: Baldorioty de (’astro; 
Brenner; Colon, E. I)., 1930: Cuevas Zequeira; ITolmer & Little; 
Iches; Ledru; Phillips; Sein, .1923 ft; Snyder, T. <3. ; Tower. 1911 c, 
1912c, 1920a, 1921 a; Van Zwaluwenburg & Vidal; Vidal. 

ARACHNID A 

Banks, 1901, 1917; Chamberlin, 1.917, 1922 (millipedes), Cotton, 
1917c; Koch; Lutz; Petrunkevitch; Seely. 

OOLFX)l‘TERA 

Anonymous, 1932; Aube; Ballou, 1913, 1916; Baly; Barrow; 
Blake; Boheman ; Bovel; Bryant; Catoni, 1932 c; Champion; Chapin; 
Chapuis; Chevrolet, L. A. A.; Chevrolet, M. A.; Clark, Hamlet; 
Cotton, 1917 6, 1918/;, 1918 cl; (T*espo, 1920; Danforth, R, E. ; 
Erichson; Erichson in Germar; Pauvel; Fischer; Fisher; Fle- 
tiaux; Gahan, C. J.; Gerstaeclier; Gomez; Gonzalez Rios, 1922; 
Hutson; Illiger; Jacoby; Jones, 1915c; Kolbe, 1907, 1910; La- 
cordaire; Leng & Mutchler; Leonard, 1930 6, 1931c; Leveille; 
Lewis; .L6pez Tuero; Miiklin; Marshall; Montgomery & Bragdon; 
More, 1921 a, 6, c; Moser; Mutchler; Notman; Ochs; Pierce, 1915, 
1918; Quedenfeldt; Quintanilla; Reitter; Ritchie; Rivera; Sass- 
cer, 1921, Sein, 1923c, 1929, 1931 6, c; Sharp; Sicard; Smyth, 
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1917 6, 1918, 1920 a; Suffrian; Torres, 1927; Tower, 1923, 1924; 
Weise; Wolcott, A. B.; Wolcott, G. N, 1921 6, 1922 c, 1923 a, 6, 1928, 
1929 6; Wolcott & Spin, 1922. 

DIPTERA 

Aldrich; Alexander; Bigot; Bradt; Coquillett; Cresson Jr.; 
Curran; Hickmans, 1927a; Dvar, 1907, 1924, 1928; Pelt; Frost; 
Gonzalez Rios, 1929; Gundlach; Hoffman, 1925, 1927; Knab; Leon¬ 
ard & Sein, 1931; Loew; Macquart; Malloch; M. A. M.; Me- 
lander; Osten Sacken; Parker; von Roedor; Smyth, 1919 h , i. 
lander; Osten Sacken; Parker; von Boeder; Smyth, 1919 h, i; Wie¬ 
demann; Walton. 

IIEM1PTERA 

Barber; Barber & Bruner; Cotton, 1917a; Drake; Gundlach; 
Harris; Leonard, 19316, 1932c; Leonard & Mills, 19316. 


HOMOPTEKA 

Catoni, 1923 d; Cockerell, 1895; Cotton, 1917 d; Davis; Dozier, 
1925, 1926 6, 1927 a, 6, 1931; Pernald; Ferris; Funkhouser; Gib¬ 
son; Gundlach; Hernandez; Hottes & Prison; Jones, 1915 a, 1917 a; 
Leonard, 1930 a, 1932 /; Mari; Marl alt, 1908; McAtee; McClelland 
& Tucker; Menendez Ramos; Morrison; Muir, 1918, 1924; Muir & 
Giffard; Os})orn; Pergamle & Cockerell; Quaintance; Quaintancc 
& Baker; Sasseer, 1920: Teague; Wolcott 1922 6, 1932 d. 

f r V MENOPTERA 

Aslnnead; Barret, 1904; Berger, 1921; Bislioff; Cockerell, 1910, 
1919; Crawford ; Cresson ; Dewitz, 1881; Diaz; 'Dodd; Dozier, 
1926 a, c, 1932 a, 6;. Gahan, A. B.; Girault; Gundlach ; Herrera; 
Hooker, 1912; Leonard, 1933 b ; Mann; Muesebeck; Rohwer; Myers, 
1931 6; Rohwer; Tower, 1908 6; Van Dine, 1913 a; Viereck; Wheeler; 
Wolcott, 1925 a. 

. ISOI*TERA 

Banks, 1919; Banks & Snyder; Crespo, 1919; Snyder, 1923, 
1924; Wolcott, 1921 La, 1925 a. 

LEPIDOPTERA 

Aurivillius etc.; Box, 1931; Brown; Chittenden; Clark, B. 
Preston; Dewitz, 1877 a, 6; Dyar 1922; Forbes; Forbes & Leonard; 
Gundlach; Hampson; Holloway; Holloway, Haley & Loftin; Hoi- 
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loway & Loftin; Jones, 1913, 1915 6, 1917 6; Jones & Wolcott; 
Mote, A. B.; Langston; Lathy; Leonard & Mills, 1931a; Leonard 
& Sein, 1932; Linnaeus; Medina; Mills & Leonard; Molinarv 
Sales; More, 1931 <7; Mciscliler; Pagenstecher; Pastor Rodriguez, 
1931a, 6; Rothschild; Rothschild & Jordan; Saavedra; Schaufuss; 
Sein, 1926, 1929 r, d, 1930 6, <1 r, 1931 a, 1932 6 ; Sepulveda; Smyth, 
1916, 1917 a, 1920 e; Torres, 1931; U.S.D.A., Fed. Ilort. Bd. 1922; 
Van Zwaluwenburg, 1916 6; Vickery; Walsingham; Wolcott, 1915, 
1921 e, 1922 a,/, wi, n. 1923 6, 1929 a, e, 1931, 1932 6; Wolcott, More & 
Sein; Wolcott & Sein, 1931.. 


malaria (Including Mosquitoes) 

Anonymous, 1925, 1926, 1927 c. <7, 1928 c, 1929; Baston; Earle; 
Earle & Arbona; Hoffman, "Marin & Burke; Howard, Dvar & Knab: 
Dyar, 1907, 1924; Johnson; King; Kudo; Ludlow; McKinley; 
bard: Saussure; Sein, 1923; Thomas; Van Zwaluwenburg, 1918 c. 

NE1 COPTER A 

Gundlaeh ; Kolhe, 1888. 

ODONATA 

Gundlaeh; Klotz, Elsie B. 

ORTHOPTERA 

Barrett, 1902; Brunner von Wattenwvl: Brunner von War- 
tenwyl & Rcdtenhaclier; Burmeister; Caudell; Crossman & Wol¬ 
cott; Dohrn; Gundlaeh; deHaan; Ilebard; Moore; Relm & He- 
bard; Saussure; Sein, 1923; Thomas; Van Zwaluwenburg, 1918c. 

PLANT QUARANTINE 

Anonymous, 1911, 1913, 1915, 1920, 1921, 1923, 1924; Catoni, 
1921 1, 1922 d, 1924; Crespo & Catoni; Faxon & Trotter; Smyth, 
1919a; Stevenson, 1918a; F.S.D.A., Fed. TTort. Bd.; U.S.D.A,, 
P.Q. & C.A. 

SERI CUT,TURK 

del Oampo; Sein, 1928; Coign, 1930. 

SIP H ON A PTERA 

Carri6n ; Cox, Carrion & Fox; Diekmans, 1927 6. 
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STREPSIPTERA 

Pierce, 1914. 

THYSANOPTERA 

Dozier, 1926 d; Hood; Leonard, 1932 'e; Morgan; Russell; White. 

TOYSAN UK A .AND COLLEMBOLA 

Folsom; Sein, 19110,6. 

vertebrates (Birds, Toads & Lizzards) 

Dexter; Anonymous, 1919 a; Danforth, S.T., 1926 Leonard, 1933 a; 
Rosenfeld, 1925 a; Sein 1927: Smyth, 1920 b; Wet more; Wolcott, 
1923 d. 
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NOTES ON INSECT CONDITIONS IN PUERTO RICO FOR THE 
FISCAL YEAR, JULY 1931 THRU JUNE 1932 

By Mortimer B. Leonard 

Formerly Entomologist, Insular Experiment Station, Rio Piedras, P. B. 

This constitutes the third annual report by the writer on insect 
conditions in Puerto Rico. The first, for the fiscal year of 1929-1930, 
was published as part of the Report of the Division of Entomology 
in the Rept. Ins. Exp. Sta. P. R. for 1929-30, pp. 110-123, 1931. 
The second appeared in the Jour. Dept, Agr. P. R. 16(2) : 121-144, 
1932. These two, together with the present paper, constitute Insect 
Pest Survey reports for the three years covered by them. During 
this time the winter was acting as an official Collaborator of the Insect 
Pest Surve 3 r of the United States Bureau of Entomology. 

Altho this third and last report by the writer includes notes on 
the occurrence and status of more insects on more food plants than 
the others, it still does not pretend to present anything like a com¬ 
plete picture of the activities or occurrence of even all of the more 
important injurious insects of the leading economic plants of the 
Island. Desirable as such a record would be, especially if followed 
out from year to year, it is impossible of accomplishment without the 
expenditure of much more time and money for travel and a greater 
number of competent observers than we have so far been able to 
obtain. 

The accumulating, recording and arranging of even so compara¬ 
tively few observations has necessitated the active help of a number 
of specialists. Most of the determinations or verifications of species 
unknown or doubtful to the writer have been made by the several 
well-known taxonomists at the U. S. Bureau of Entomology. In most 
cases this is indicated along with the individual records, as are also 
the names of certain other specialists not officially connected with 
the Bureau. The writer is indebted to Mr. Richard Faxon and his 
associates Messrs. Mills, Anderson, Harley and Oakley of the San 
Juan office of the Federal Plant Quarantine and Control Administra¬ 
tion. All of these have obtained many records thru their official 
observations. The identifications of this material are by the special- 
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ists in Washington. The names of collectors or observers are in¬ 
dicated for the most part by their initials as follows: 


C.G.A. «= Anderson 
R.F. == Faxon 
A.G.II. = Harley 
M.D.L. — Leonard 


R.G.O. — Oakley 
A.S.M. = Mills 

F. S. = Sein, Jr. 

G. N.W. c== Wolcott 


Dr. W. T. M. Forbes of Cornell University has assisted in com¬ 
pleting the notes on some of the Lepidoptera heretofore little known 
as far as published records were concerned. Prof. C. R. Crosby also 
of Cornell, has given much appreciated help in facilitating the prep¬ 
aration of the manuscript for publication. 


Alfalfa 

Dichomeris piperatus Wlsm., an alfalfa leaf-tyer, was destruc¬ 
tively abundant during July at Isabela, rendering the alfalfa unfit 
for feeding in one patch (G.N.W.). In August the leaf-tyer was 
found to be rather badly infesting a small experimental patch at 
Maleza in the municipality of Aguadilla; this is in a rather isolated 
section containing many hat palms and little farming has been done 
there; the occurrence of the insect here in injurious numbers at 
some considerable distance from the only other nearest alfalfa grown 
at the Isabela Sub-station again raises the question as to what the 
natural leguminous food-plant really is (G.N.W.). 

Prodenia ornithogalli Guen., the velvety cutworm, was abundant 
during July at Isabela attacking a wide variety of hosts including 
alfalfa, crotalaria and tomatoes, besides numerous weeds (G.N.W.). 

Thernmia gemmatilis Hub., the velvet bean caterpillar, was 
abundant on the leaves of alfalfa and sword beans at Isabela during 
July (G.N.W.). 

Reuteyoscops uvidus Dist., A Mirid bug (H. G. Barber det.) was 
reported as infesting in small numbers the leaves and flowers of 
alfalfa at the Demonstration Farm at Avecibo on June 7 (C.G.A.). 
It was also collected by sweeping weeds at Santurce, June 29 (C.G.A,, 

H.O.Barber det.). 

Algarrobo (Hymenaea Courbaril L.) 

Myelois decolor Zell. (Pyralidae, C.Heinrich det.). 4 larvae found 
in 1 out of 6 pods examined at the Demonstration Farm at Arecibo 
on Mir. 8 (C.G.A.). Not in Wolcott’s “List.” 
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‘ Stephanoderes buscki Hopk. (Scolytidae, M.W.Blackman det.) 
heavily infesting 6 pods examined at the Demonstration Farm at 
Arecibo on Mar. 8 (C.G.A.). Not in Wolcott’s “List.” 

Annona Spp. 

Saissetia hemispherica Targ. (Morrison det.) lightly infesting the 
leaves of a corazon tree (A. reticulata) at Corozal, Feb. 9 (C.G.A.). 

Bephrata cubensis Ashm., a Eurytomid, (Muesebeck det.) infest¬ 
ing 1 out of 4 fruits examined at Villalba, Oct. 27 (C.G.A.). 

Pseudococcus nipae Mask. (Morrison det.) lightly infesting the 
foliage of a tree at Corozal, Feb. 9 (C.G.A.). 

Pseudoaonidia articulatus Morg. (Morrison det.) 3 out of 14 fruits 
infested at Ponce, Jan. 8 (R.G.O.). 

Empoasca n. sp. related to minuenda Ball (P.W.Oman det.) 
breeding in moderate numbers thruout the year on the foliage of 4 
trees of A. diversifolia at the Station grounds at Rio Piedras (M.D.L.). 

Patara albidula Westw. (Fulgoridae, P.W.Oman det.). A few 
.adults on the leaves of the above trees, May 20 (A.S.M.). 

fHyaliodes n. sp., (Miridae, H.H.Knight det.) bred more or less 
continuously thruout the year on the foliage of the 4 Anona diversi¬ 
folia trees at the Station; both adults and nymphs in all stages 
could always be found in small to moderate numbers upon examina¬ 
tion of the leaves; the nymphs are whitish and somewhat powdery 
in appearance; the eggs are undoubtedly inserted in the leaf petiole 
or in the mid-rib but a search was not made to determine this point. 
The insect was also noticed thruout the previous year which was the 
first time it had been reported from Puerto Rico. 

Avocado 

Pseudococcus nipae Mask. (Morrison det.) so badly infested the 
leaves and twigs of a small tree at Mayagiiez on Dec. 12 that it was 
practically dead (A.G.H.). 

Empoasca minuenda Ball (P.W.Oman det.) A moderate number 
of adults and nymphs found feeding on the leaves of a tree at San- 
turce on Mar. 1 (A.S.M.). 

Banana 

Cosmopolites sordidus Germ., the banana root-weevil, has appar¬ 
ently been about as injurious as during the past year. It of course 
also affects plantains to which it often seems to do somewhat more 
damage than to bananas. 
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Telephony# pallidulus Chevr., a Cucujid, (W.S.Fisher det.). 1 
adult was found in a decayed flower-stalk at Bayamon, May 15 
(U.G.A.). 

Bothriocera venosa Fowl., (P.W.Oman det.) a Fulgorid; small 
number of adults found on the leaves of 5 plants at Bayamfin, Apr. 
8 (U.G.A.). 

Homophysa dolotalis Mosehler (W. Sehaus det.). A small num¬ 
ber of adults of this Pyralid on the 5 plants mentioned above. It 
was also taken at light in Bayamon, May 15 (Sehaus det., C.G.A.). 
Apparently previously recorded only from the type material, but Dr. 
Forbes found the species common and apparently general in 1930. 

Bean (Lima & String) 

Tetranychus sp., a mite (H.E.Ewing det.), was found infesting 
the leaves in most lima bean fields at Loiza examined during January; 
a few of the leaves had turned yellowish but the damage was only 
slight (A.S.Mills). 

THyaliodes n. sp. a Mirid (H.H.Knight det.) generally distributed 
during the end of August in moderate numbers on the underside of * 
the leaves of a small patch of pole limas at the Station in Rio Pie- 
dras; no nymphs were present; adults also on a small adjoining 
patch of okra. Both plants were only 25-30 yards away from 4 
Anona diversifolia trees on which the bugs were breeding. 

Agromyza inaequalis Mall, a bean leaf-miner (C.T.Greene det.) 
infesting with blotch mines practically all the leaves in a small garden 
patch of limes in Rio Piedras, Jan. 15 (R.F.). Blotch mines in bean 
leaves have been observed in various places thruout the year in 
moderate numbers and it is presumed that they are made by this 
species. 

Aphis rumicis L. in considerable numbers on a small patch of 
pole limas at the Station at Rio Piedras early in Sept. (M.D.L.) and 
lightly infesting a 2-acre patch of limas at Loiza, Nov. 6 (A.S.M.; 
P.W.Mason det. both records). 

Megoura viciae Kalt., an aphid (P.W.Mason det.) lightly infested 
lima bean pods near Rio Piedras Feb. 26 (R.F.). Apparently not 
previously reported from P. R. 

Myzm probably n. sp., an aphid (P.W.Mason det.) moderately 
infesting a patch of string beans at Ad juntas, Mjar. 21 (R.G.O.). 

Pseudococcus virgatus Ckll. (Morrison det.) lightly but generally 
infesting a small patch of pole limas at the Station at Rio Piedras 
Sept. 8 (M.D.L.) and lightly infesting the pods of limas at Loiza, 
Mai?. 14 (A.S.M.). 
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Agallia albidula Uhler, a leafhopper (P.W.Oman det.) lightly in¬ 
fested the leaves of lima beans, cassava melon and tomatoes at Loiza, 
Nov. 6 (A.S.M.). 

Thyantor perditor Pab., a Pentatomid (H.G-. Barber det.). Adults 
in moderate numbers on the leaves of a 3-acre lima bean patch at 
Loiza, Feb. 7 (A.S.M.). 

Lachnopus curvipes Fab., (L.L.Buchanan det.). Several adults 
of this weevil found resting on plants in a 1-acre patch of limas at 
Vega Baja, Nov. 24 (A.S.M.). 

Laphygma fmgiperda A&S. (W. Schaus det.) lightly infested the 
pods in a 1-acre patch of limas at the Substation at Isabela, Jan. 12 
(C.G.A.). 

Phytomctra oo Cramer, a Noetuid (W. Schaus det.), lightly in¬ 
fested a small garden patch of limas at Rio Piedras, Jan. 15 (C.G.A.). 

Nezara viridula L. (IT.G.Barber det.) moderately infesting the 
leaves and pods in an acre of limas at Rio Piedras, Dec. 12 (A.S.M.) ; 
Nezara viridula L. occurred in small numbers of adults on the leaves 
of a 3-acre patch of lima beans at Loiza, Feb. 7 (A.S.M., II.G.Barber 
det.). 

Kllipes minuta Scudder, a Gryllid, (A.N.Caudell det.) found on 
a lima bean leaf in a small patch at Vega Baja, Nov. 24 (A.S.M.). 

Cycloneda limbifcr Osy. (E.A.Chapin det.) on a leaf in a small 
patch of limas at Rio Piedras, Jan. 16 (A.S.M.). 

C arpolonchaea pendula Bezzi (Sapromyzidae, Aldrich det.). A 
few larvae, from which adults were reared, in the pods in a hamper 
of limas at Isabela, Mar. 24 (C.G.A.). Apparently new to P. R. 

Callosobrwhus chinensis L. (H.S.Barber det.) found in small 
numbers in lima beans grown in Ponce, and kept in the Office, May 
25 (R.G.O.). See also under ‘ * Miscellaneous . 9 ’ 

Corythueha gossypii Fab. was apparently generally distributed 
and more or less injurious to lima and string beans as usual thruout 
the year. 

Ertvpoasca fabalis DeL., the common bean leafhopper was generally 
distributed and present in its usual numbers thruout the year, often 
doing much damage to plantings during the drier periods, especially 
where they were unsprayed. 

Lamprosema inddcata Fab, the bean leaf-webber, was undoubtedly 
more or less injurious wherever beans were grown; it moderately 
infested pole limas at the Station during July and August but seemed 
to increase somewhat so that it was often doing considerably injury 
to all lima bean fields examined in Nov., Dec. and Jan. a|t Rio Pie- 
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dras, as well as at Vega Baja, Loiza and Isabela. The moths were 
fairly common at light Sept 25-27 at Puerto Real, Vieques Id. 
(M.D.L.). 

Larvae of a Eulophid, Grotiosmyia nigricans How. (Muesebeck 
det.) found feeding on larvae of Lamprosoma indicate F. at Rio 
Piedras on Jan. 15 (C.G.S.). Apparently not before recorded from 
Puerto Rico. 

Goniurus proieus L., the bean leaf-roller, was also general but 
observations would indicate only light to moderate damage to liinas 
at Rio Piedras, Cidra (1 larva out of .100 plants examined by Mills) 
and Loiza. 

Ceratoma ruficonvis Oliv., a bean leaf-beetle, was present to some 
extent in a number of fields examined; it was reported as moderately 
infesting a 2-acre field of limas at Loiza on Jan. 8 and lightly in¬ 
festing a 1-acre field at Rio Piedras on Jan. 1 (A.S.M.). 

Diabrotica graminea Baly, was undoubtedly general thruout the 
year as has been the case the past few years; it did considerable 
damage to the blossoms and leaves of pole limas at the Station and 
was reported as doing considerable damage also to snap beans at 
Orocovis on Feb. 2 by Mills. 

Bean pod-borers. The comparative abundance of the 3 lepi- 
dopterous pod-borers most commonly found in lima and string beans 
was somewhat different than during the previous year. A report 
prepared by Messrs Faxon and Mills of the P.Q. & C.A. office in San 
Juan, altho it covers primarily the shipping season for green beans 
to the States—Nov. 1 to Mar. 31—fairly well summarizes the situa¬ 
tion for the period of the whole fiscal year; it is as follows*. 

“Fundella cistipennis was usually present in small numbers in 
lima beans that were being shipped to the States. In previous sea¬ 
sons EtieUa zinckenella Treit. appeared to be more prevalent than 
Fundella, but this season the situation was reversed as Flmdella larvae 
were found to be more frequently in the pods of lima beans than 
either Mdruca testulaMs Greyer or EtieUa zinckenella. The infesta¬ 
tions of Fundella cistipennis were light, the highest being 3 per cent 
found in a hamper from Isabela. It was found to be present in ship¬ 
ments from Loiza, Vega Baja, Arecibo, Isabela and Adjuntas. Fifteen 
collections were forwarded to Washington for determination and 
jnany more could have been sent from other shipments. EtieUa 
zimkenella was found only in 3 shipments of lima beans and 4 of 
gandules (pigeon peas).” 

“Mwruea hstuldlis was difficult to find until January, 1932 and 
the liter infestations in lima and string beans and gandules were 
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usually light. This was particularly true of gandules as only one 
interception was made in cull pods at Arecibo, altho hundreds of 
boxes were shipped to the States. Practically the only serious in¬ 
festation in lima beans was found at Cidra, Feb. 26, where 11 per 
cent of the pods in a 3-acre field of bush limas were infested with 
Maruca larvae. Sixteen collections were sent to Washington for 
determination from beans grown at Loiza, Rio Piedras, Vega Baja, 
Arecibo, Isabela, Cidra and Cayey.” 

It is interesting to note that only 1 moth of Etiella zinckenella 
was taken by the writer during three nights of collecting at light at 
Puerto Real, Vieques Id., Sept. 25-26, year. 

An adult of Microbracon thvrberiphagae Mues. (Muesebeck det.) 
reared from a larva found on a larva of Maruca testulalis Geyer in 
a hamper of lima bean pods from Vega Baja, Mar. 24 (C.G.A.). 
Three larvae of this parasite were also found infesting 1 out of 20 
larvae of Maruca testulalis in lima bean pods at Cidra, Feb. 2 
(A.S.M.). The first record for Puerto Rico; Bruner has recently 
recorded it from Cuba from the same host. 

Beet 

Disow/ycha laevigata Jacoby was observed lightly infesting a small 
patch of beets at Jayuya on June 14 (R.G.O.) but was undoubtedly 
generally distributed and injurious as usual to beets, swiss chard and 
related crops. (See also “Micellaneous”). 

Bidens pilosa radiata 

Thrips abdondnalis in moderate numbers in the flowers at Rio 
Piedras on May 31 (A.S.M.; J.R.Watson det.). 

Protalebra brasiliensis DeL'., known to be a minor pest of sugar 
cane, continued to be abundant thruout this past year as during the 
previous one on all patches of the weed at El Morro in San Juan. 
It seemed to be very scarce if at all present at the Station in Rio 
Piedras on the same food-plant. 

Books 

Rhizopertha dominica Fab. ( R . pusilla Fab. is a synonym, A.J. 
Mutchler det.) accordirig to Dr. Wm. A. Hoffman has done consid¬ 
erable damage to the books in the library of the School of Tropical 
Medicine thruout the year and for a couple of years previous. It is 
a coamopolitan Bostrychid beetle injurious to lumber. \ 
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Bougainvillia 

Orthma indgnis Douglas was reported as badly infesting a large 
vine at a home in Santuree on Apr. 20 and on Apr. 22 specimens 
were received from Bayamon with the statement that an unidentified 
tropical ornamental was rather badly infested. 

Cabbage 

Plutella muculipennis Curtis, the diamond-back moth, was observed 
in a number of places and was presumably as common and injurious 
as formerly. 

A slug, Veronicella occidentalis Guilding, reported as doing con¬ 
siderable damage to cabbage, but also eating holes in green tomato 
fruits in a 1-acre garden planting at Trujillo during April. 

Corythaica planaris Uhl., the eggplant lace-bug, was found in 
small numbers, adults, in a planting at Ponce on May 14 (R.G.O., 
H.G.Barber det.). 

Cacara TUBEROSA(Lam.) Britton 

Alysia analis Cress, was found on several plants at Ponce m 
June 28 (R.G.O., Muesebeck det.). 

Canna 

Calpodes ethlius Cramer, the canna leaf-roiler, became destruc¬ 
tively abundant during July on a number of plants at Isabela, aver¬ 
aging 1 or 2 larvae per plant (G.N.W.); it was observed in several 
other localities also. 

Frankliniella insularis Franklin. See under “Rose” for note on 
damage to canna blooms. 

Carrot 

Sy&tvna basalts Duv. was observed in large numbers on the leaves 
in a 1/10-acre planting at Jayuya on June 14 (R.G.O., II.S.Barber 
det.). 

Cashew nut (Anacardium Occident ale L.) 

Selenothrips rubrocinctus Giard, the red-banded thrips, defoliated 
several trees at Rio Piedras in September and was again observed 
infesting the new foliage on the same trees the following February; 
in April a tree in another place near Rio Piedras was badly infested 
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Cassava 

Sadssetia oleae Bernard so badly infested several considerable sized 
plantings from 6 months to 1 year old at the Manicomio near Rio 
Piedras the latter part of July that many of the plants were entirely 
devoid of leaves and in a dying condition; several branches sub¬ 
mitted for identification were badly encrusted with the scales m 
all stages of growth (S.Molinary). 

An unidentified whitish scale was also present in the above in¬ 
festation but apparently not as abundant as the other altho one of 
the branches brought in was badly infested. 

Lonchaea chalybea Weid., the cassava shoot-borer, was received 
under date of Oct. 2 from the Agricultural Agent at Bayamon who 
stated that for some little time the insect had been very common in 
all the plantings in the district and had considerably reduced the 
yield. 

Cryptosephalus tristiculus Weisc, a Clirysomelid, (H.S.Barber 
det.), was found, .1 adult, on a leaf of one plant Apr. 29 (C.G.A.) 
at Lares. 

Aphodius Hindus Oliv. was found, 2 adults, on a plant at Santuree 
on June 29 (C.G.A., H.S.Barber det.). 

Red-spiders, Tetranychus sp., were more or less injurious as usual, 
especially during the drier periods. 

Cassia siamea 

Aster olecanium pustulans Ckll. was observed to be badly infesting 
several ornamental trees at the Director's home on the Station 
grounds on May 6 at Rio Piedras (F.S.). 

Castor Bean 

Corythucha gossypii Fab. was more or less abundant on nearly 
all plants observed in various parts of the Island thruout the year 
as is usual. 

Casuarina equisetifolia Forat 

This tree which is widely grown in Puerto Rico as an ornamental 
and as a wind-break for citrus had heretofore been considered as 
practically if not entirely immune from insect attack in the Island. 
Continued obseration has finally disclosed the following insect pests: 

leery a pwchasi Mask., the cottony cushion—scale was first found 
in very small numbers in Santuree in October but during the late 
winter and spring and early summer it became generally distributed 
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and often injurious on ornamental casuarina trees and hedges thru- 
out San Juan and Santurce south to at least Martin Pefia and also 
infested wind-breaks in several citrus groves in Palo Seco, Bayamon 
and Dorado. 

Icerya monserratensis R.& H.,another mealy bug which has been 
long known to infest Ficus mtida or West Indian Laurel (which see) 
in Puerto Rico was brought in on April 10 by Edumudo Martinez of 
the Insular Forest Service as moderately infesting all the casuarina 
trees in the Plaza at Cayey. He stated that there had been some 
rain there recently and that the insects were apparently some¬ 
what less numerous than at a previous inspection about 3 weeks or 
a month ago. 

Howardia biclavis Comstk. (Morrison det.) was found infesting a 
number of trees at the Scoville place on the Carolina road near Rio 
Piedras (G-.N.W.); it was also collected in moderate abundance on 
several small trees at the Forest Service Station at Rio Piedras on 
Mlar. 29 (M.D.L.). 

Hemichionaspis minor strachani Cooley (Morrison det.) was also 
collected from one tree lightly infested at the Forest Service Station 
on Mar. 29 (M.D.L.). 

Diaprepes spengleri L. adults were observed in considerable num¬ 
bers in copula and aparently feeding to a slight extent on a hedge 
near San Juan on May 7 (M.D.L.). 

Ceded Hembra ( Turpinm paniculata Vent.) 

Hypsiphila grandslla Zell., a lepidopterous shoot-borer (Heinrich 
det.), was reported on June 11 as injuring to a considerable extent 
about 4,000 trees planted among coffee for shade at Jayuya and on 
June 29, 1931, 1,000 young trees recently planted in a coffee finca at 
Adjuntas. In mid-July F. Sein Jr. reported that a number of young 
trees were moderately infested in the Rural School planting in Lares. 
This pest was also generally present and badly skeletonizing these 
shade trees in another large coffee finca (Hacienda Carmelita) in 
the general vicinity of Adjuntas in September. 

Celery 

A mealy-bug, presumably Pseudococcus citri Risso, was found on 
July 2 to be moderately infesting several plants (one badly infested) 
at the Station grounds in Rio Piedras. The bugs were clustered at 
the base of the plants just above the ground and a few were on the 
roots. There is only one previous record for celery in Puerto Rico 
-^collected by T. H. Jones, July 3, 1912, Rio Piedras, Morrison det 
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CHALCAS EXOTICA 

Coccus viridis Green, the green scale, was observed on the leaves 
and twigs of one bush at Vega Baja on Dec. 29 (R.F.). 

Chayote 

Margaronia nitidalis Cr. 2 larvae in a crate on Feb. 26 for ship¬ 
ment to the States (C.G.A., Schaus det.). 

Chick pea 

Khizopertha dominicana Fab., a Bostrychid beetle, was found in¬ 
festing about 10 per cent of the peas in a small package in Santurce 
on Nov. 11 (R.G.O., W.S.Fisher det.). 

Cephalonomyia gallicola Ashm., (Muesebeck det.) was lightly in¬ 
festing a package the same package (R.G.O.). Not in Wolcott's 
“List” 

Chocolate 

Oryzaephilus surinamensis L., the saw-toothed grain beetle, was 
found, several adults, larvae and pupae, in the chocolate coating of 
candies from Switzerland via New York about a year previous (A. 
S.M., Fisher & Boving det.). 

Laemophlaeus minutus Oliv. (Fisher det,). An adult on choco¬ 
late cake in a restaurant in San Juan, June (C.G.A'.). 

Ohrysobalanus icaco L. 

Nessorhinus vulpes A. & S. (Membracidae, P.W'.Oman det.). A 
few adults on the stems of hicaeo at Arecibo, May 20 (C.G.A.) Not 
in Wolcott's “List". 

Citrus 

Icerya purehasi Mask., the cottony cushion-scale, was first dis¬ 
covered in considerable abundance on a number of grapefruit trees 
in a large grove at Palo Seco on April 2. Continued search from 
then on to the end of June discovered infestation in grapefruit groves 
in Bayamon and Dorado, 6 in all, and on many ornamental citrus 
trees thruout San Juan and Santurce south to at least Martin Peiia. 
In 3 or 4 of these groves the infestation developed rapidly to con¬ 
siderable proportions but it was largely checked by the end of the 
year by spraying, native natural enemies and the prompt introduc¬ 
tion of the Australian or Vedalia ladybeetles. The most efficient 
and widespread parasite was a Phorid fly, Syneura cocciphila Coq., 
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which was present in nearly every infestation found on all food- 
plants, often killing as high as 50 per cent of the insects in large 
individual colonies. Other natural enemies were the lace-wing fly, 
Chrysopa collaris Schneider, the common Coccinellid, Cycloneda san¬ 
guined L. and often where well-established dense colonies were present 
the scavenger and scale-feeding caterpillar, Ereuntis minuscula 
Wlsm. Food-plants other than citrus were: Australian pine, Ca- 
suarina equisetifolia; rose; gallego, Polsias guilfoylei; gallito, Agati 
grandiflora; pigeon pea; Maria, Callophyllum antillanum; and 
Acalypha sp. 

Asynapta citrinae Felt an Itonid cambium miner found in July 
in grapefruit twigs at Isabela; the pink maggots formed cocoons in 
the soil on July 11 and 2 adults emerged on July 15 (G.N.W.). 

A snail , as yet undetermined, of small size, skeletonized the leaves 
in a seed-bed of several thousand grapefruits at the experimental 
plantings at Trujillo Alto the end of August; the seedlings were 
not more than 6 ins. high and were generally infested, about 5 per 
cent being killed before control measures could be applied (E.H. 
Twight). 

A mite, TJropoda sp. (H.E.Ewing det.) found infesting the skin 
of 1 out of 50 grapefruits examined at Miayagiiez on Jan, 22 
(A.G.H.). 

CatycVysta miralis Moschler (Wm. Schaus det.) a Pyralid moth 
taken on a kumquat leaf at Rio Piedras Mar. 15 (A.S.M.). 

Lachnopus curvipes Fab., a weevil, was reported by Dr. Wolcott 
to be locally more abundant around Isabela during July than the 
common “vaquita”, Diaprepes spengleri , which causes the bulk of 
the injury to citrus foliage. A small number of adults were found 
on grapefruit leaves at Barceloneta on May 10 and a few eating the 
leaves in a grove at Yega Alta on May 15 (C.G.A.). 

Diaprepes spengleri L. and its varieties was about as abundant, 
with local variations, as usual thruout the citrus section, doing con¬ 
siderable damage to foliage and often causing very young fruits to 
drop by cutting them off at the stem attachment. In general the 
season of greatest abundance of adults was apparently April or May 
into June or July. Dr. Wolcott reported that in September adults 
were Jess abundant at Isabela and only 1 or 2 egg-clusters could be 
found after several hours search on a certain day, whereas many 
were found toward the end of August in the same place in a much 
shorter time. 

Exopthalmodes roseipes Chev., the “vaquita verde” beetles were 
present during the spring and early summer as usual doing injury 
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to citrus foliage; they were observed as especially abundant in May 
in several grapefruit groves in Palo Seco, Manati and Vega Alta. 

Blossom thrips were common in various parts of the citrus section 
during a considerable blossoming period from April into May. 
Specimens were identified by J.R.Watson as Frankliniella difficilis 
Hood and F. insularis Fkln. The latter is the common black blos¬ 
som thrips thruout the West Indes. F. cubensis Hood, a yellow 
species, was also apparently involved. It should be here noted that 
the writer overlooked in a note on citrus thrips in Puerto Rico 
(Jour. Econ. Ent. 25(4) : 934-935, 1932) that Dozier had listed F. 
iritiei Fitch as taken in grapefruit blossoms at Trujillo Alto (Jour. 
Dept. Agr. P. R. 10(3&4):280, 1926, issued 1927). 

Papilio androgens Cr., the orange dog, was reared to adult on 
July 12 from a caterpillar found on grapefruit foliage sometime 
previous in Isabela; 2 other caterpillars brought in on the 12th 
(G.N.Wi). 

Corythucha gossyjni Fab. was observed in several places from 
time to time infesting both grapefruit and lime and citron foliage 
but more abundant and actively breeding on the last especially at 
Palo Seco and Rio Piedras. 

Fecelia minor Voll. (Pentatomidae, H.G.Barber det.) adults 
found in small numbers on the fruit in an orange grove near Ponce 
and in two groves near Penuelas on Jan. 25 and on March 8 (R.G.O.). 
Adults were very prevalent during January and February in the 
Ponce district on wild oranges causing about an 8 per cent loss of 
fruit. Not in Wolcott ’$ 11 List . 9 9 

Dialeurodes citrifolii Morg., the cloudy winged whitefly, heavily 
infesting the leaves of two lime trees at Ponce on April 8 (R.G.O., 
Morrison det.). 

PsendococcAis citri Risso, the citrus mealybug, was observed to be 
fairly common on the larger branches of grapefruit trees in several 
groves in the eastern part of the citrus section. 

Piezosternum subulatum Thuhb. (Pentatomidae, H.G.Barber det.). 
1 adult on a grapefruit leaf at Bayamon on June 12 (C.G.A.). 

Toxoptera aurantii Boyer was moderate to abundant on new 
growth during the spring in grapefruit in several sections, being 
especially noted at Arecibo, Bayam6n and Manati. 

Aphis gossypii Glov., the melon aphid, heavily infested the tender 
shoots and leaves of many young grapefruit trees at Afiaseo on Jan. 
27 (A.G.H., P.W.Mason det.). Apparently the first record of injury 
to citrus in Puerto Rico. 
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Aleurothrixus howardd Quaint. (G.B.Merrill det.) was observed 
in moderate numbers on grapefruit leaves on several trees in a large 
grove in Palo Seco during April and on one tree in a grove at Toa 
Baja in May (A.S.ML, M1.D.L.). 

Eugnaihodus guajanae DeL. (Cicadellidae, P.W.Oman det.) an 
adult on a grapefruit leaf at Bayamon, May 15 (C.6.A.). 

Dikraneura (Hyloidea ) depressa MeAtee (Cicadellidae, P. \V r . 
Oman det.) in small numbers, adults, on several grapefruit trees at 
Arecibo, Apr. 5 (R.F.). Not in Wolcott's 1 ‘List." 

Empoasca minuenda Ball (Cicadellidae, P.WlOman det.) present 
in small numbers as adults on grapefruit leaves in a grove at Arecibo 
on Apr. 5 (C.G.A,). Not in Wolcott's “List." 

Ormenis inf meat a Stal (Fulgoridae, P.W.Oman det.). Several 
adults on grapefruit leaves at Arecibo, Apr. 5 (C.G.S.). 

Ormenis quadripunctata Fab. (Fulgoridae, P.W.Oman det.) a few 
adults on grapefruit leaves at Bayamon on Apr. 8 (A.S.M.). 

Delpkarodes sp. probably new (Fulgoridae, P.W.Oman det.)—an 
adult on a grapefruit leaf, Bayamon May 15 (C.G.A:.). 

Ecpantheria icasia Cram. (Arctiidae, Schaus det.)—an adult 
reared from a larva on a grapefruit leaf, Bayamon, May 15 (C.G.A.). 

Edessa cornuta Burm. (Pentatomidae, H.G.Barber det.) in small 
numbers as adults on grapefruit leaves on several trees at Bayamon 
on Apr. 15 (C.G.A.). 

Rhaptinus torquatus Oliv. (Curculionidae, L.L.Ruchanan det.) 
in small numbers on grapefruit leaves at Las Marias, M|ay 3 (C.G.A. L 

Brentus volvulus Fab. (Brentidae, L.L. Buchanan det.) adults 
found on grapefruit blossoms at Mayagiiez, May 17 (A.G.H.). 

Chionaspis citri Comstock, was common to abundant on the trunks 
and larger branches of many grapefruit trees examined during April 
and May in groves at both Palo Seco and Bayamon; a considerable 
percentage of the male scales had parasite emergence holes. 

CeropUistes floridensis Comstock, the wax scale, was present in 
small numbers on a few grapefruit trees in a grove at Palo Seco 
an$ was also observed in one or two other places in the eastern part 
of the citrus section. 

Anastrepha sp. the west Indian fruit-fly was found lightly in¬ 
festing a few grapefruits in one grove near Mayaguez and in two 
groves near Arecibo in April. 


Coconut 

Aspidiotus destructor Sign., the coconut scale, was reported by F. 
MGndez, Coconut Specialist at the Station, as being not nearly so 
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abundant at Cabo Rojo in September as it bad been 5 or 6 months 
previously. On Sept. 26, as far as could be observed practically 
every coconut palm on Vieques Island was more or less infested, 
those towards the eastern and drier end of the Island especially so, 
many palms having a sickly and yellow appearance and in some 
cases even the fruits were encrusted with the scales. 

Coffee 

Leucoptcra coffeella Staint., the coffee leaf-miner, was generally 
distributed and quite abundant thru the whole of the Hacienda Car- 
melita, a large coffee farm in the vicinity of Jayuya, visited Sept. 
9-10 but apparently not much damage was being done to bearing 
trees. According to Vicente Medina, Coffee Specialist at the Insular 
Experiment Station, the leafminer was more abundant during Dec. 
and Jan. than the two previous months due to generally dry weather 
thruout the coffee growing regions. 

Coccus viridis Green, the green scale, was general tho not very 
abundant thruout the Hacienda Carmclita on the visit referred to 
above, the younger shoots and leaves being more infested than older 
parts, as is usual. 

Psychonoctua personalis Grote, a Coffee stem-borer was received 
under date of Sept. 29 in injured branches from the Agr. Agent at 
Corozal with the statement that considerable damage was being done 
by the hollowed-out branches being broken off when they were bent 
down by the pickers. 

Apate francisca Fab., a coffee stem-borer, was reported by Vicente 
Medina of the Station staff as damaging some trees on a farm at 
Adjuntas on April 18. 

Psyllia . minnticona Cwfd. present in small numbers as adults on 
coffee leaves at Adjuntas April 14 (R.G.O., P.W. Oman det.). 

Bothriocera venom\ Fowl. (Fulgoridae, P.W.Oman det.), in small 
numbers as adults on coffee leaves at Adjuntas, April 14 (R.G.O.). 

Scymnillodes gilvifrons Chpn. (Nitidulidae, E.A.Chapiri det.) 
on coffee leaves at the Torres ffnca at Adjuntas, April 14 (R.G.O.). 
Not in Wolcott’s 4 ‘List.” 

Psorolyma maxillosa Sic. (Coccinellidae, E.A.Chapin det.) in 
small numbers on the leaves out of 30 plants examined at ITtuado on 
May IT (R.G.O.). 

Corn 

Heliothis obsoleta Fab, the corn earworm, infested practically 
every ear of sweet corn at Isabela during September (G.N.W.); the 
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ears in 4 boxes of com from Afiasco examined Mjar. 7 were heavily 
infested (A.G.H.). 

Diabrotica graminea Baly was abundant and injurious to corn 
at Isabela during July (G.N.W.). 

Disonycha laevigata Jacoby present in large numbers on corn 
leaf-sheaths at Loiza on April 11 (C.G.A.). 

Peregrinus maidis Ashm. adults common on leaf-sheaths of 
several plants at Loiza Apr. 11 (C.G.A.). 

Solubea pugnax Fab., (H.G.Barber det.) in small numbers as 
adults on corn leaves at Jayuya on May 14 (R.G.O.). 

Oriu$ (Triphleps ) insidiosus Say (Anthocoridae, H.G.Barber det.) 
adults common on leaf-sheaths of several plants at Loiza, Apr. 
14 (C.G.A.). 

Laphygma frugiperda A. & S. moderately infesting corn ears at 
Loiza, Apr. 11 (C.G.A.). 

Oscinella coxendix Fitch. (J.M.A.ldrich det.) common on leaf- 
sheaths of several plants at Loiza, Apr. 11 (C.G.A.). This species 
is little-known in Puerto Rico. 


Cotton 

Pectinophora gossypiella Saund., the pink bollworm, was much 
less injurious to this past year’s crop than to that of the previous 
year; the explanation for this is not clear. The clean-up, altho not 
carried out as thoroly as had been hoped for on the crop remnants 
from the previous season, might have been responsible for some 
reduction in the pink bollworm population. The acreage in cotton 
was greatly reduced, however, especially in the South Coast and 
theoretically there should have been a greater infestation. As an 
example of the reduced infestation it may be stated that as late 
as Jan. 20 J. Pastor Rodriguez, Cotton Specialist at the Station, 
reported a 1-acre field in the South Coast, which last year had been 
very badly infested, to show less than 1 per cent of the bolls infested 
and^ a nearby field only about 5 per cent. (For a more complete 
account of conditions covering the infestation of the previous crop 
thru picking into the fall of 1931 on the North Coast see Leonard 
in Jour. Dept. Agr. P. R. 16(1) : 66-73, 1932). 

Alabama argillacea Hiibner, the cotton leaf-worm, was also much 
less numerous and injurious than during the previous crop; it was, 
in fact, practically negligible; two small outbreaks were reported 
from the South Coast during the latter part of December and the 
middle of January but these were easily controlled by two applica¬ 
tions of poison. During July (on the previous crop) it was destrue- 



NOTES ON INSECT CONDITIONS IN PUERTO RICO 


113 


tive thruout the whole North Coast but most injurious around Isabela 
and Camuy; during August the attacks naturally abated on the 
North coast due largely to the fact that most of the plants by that 
time were old and no longer succulent. According to F.E.Rorke of 
the San Juan Ginnery at least 80-85 per cent of the crop had been 
picked by the end of August in the North Coast but the leaf-worm 
continued active until at least the middle of the month around 
Manati and apparently there was a certain amount of leaf-worm 
feeding in several other localities. 

Dysdercus spp., mostly D. andreae L, the common cotton stainer, 
with occasionally undoubtedly a slight intermixture of Z>. neglechis 
Uhl. were more or less abundant on cotton bolls as usual, especially 
during the end of the crop, but altho they are responsible for some 
staining of the lint no attempt has been made to estimate how much 
damage is done. 

Empoasca sp. leafhoppers were always to be found as usual in 
small to moderate numbers in all stages on the plants. Altho the 
Puerto Rican specimens have never as yet been specifically determined 
they probably belong to E. gossypii DeL described from Haiti in the 
April 1932 number of this Journal. 

Nepticula gossypii Fbs. & Leon., the cotton leaf-miner, was present 
apparently in about the same numbers on the South Coast as during 
the previous year but as before was not observed to occur in the 
North Coast. 

Ephestia cautella Wlk. (Pyralidae, Heinrich det.). A few adults 
observed on several tons of cotton seed cake at the Ginnery at Hato 
Rey on Mar. 9' (A.S.ML) ; an adult was also taken on a sword-bean 
leaf at Arecibo on Mar. 8 (C.G.A.). 

s 

Crotalaria 

Utethesia ornatrix L., the rattlebox moth, was reported as very 
abundant by Dr. Wolcott the middle of Oct., the caterpillars search¬ 
ing for food in great numbers on the beaches at Isabela; the moths 
were also commion at lights at Isabela. This species was more or less 
injurious as usual to Crotalaria grown for seed thruout the Island. 

Nezara viridMla L. was present in large numbers, both as nymphs 
and adults, on the leaves and pods on the Preston farm at Naguabo 
on June 3 (C.G.A., H.G.Barber det.). 

Nezara marginata P. de B. Many specimens clustered on a single 
pod at Isabela in July (G.N.W.). 
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Delphacodes teapae Fowl. (Fulgoridae, P.W.Oman det.). A few 
Adults on the leaves at the Preston farm at Naguabo on June 3 
(C.G.A.). 

Cucumber and Melon 

Aphis gosspii Glov. was troublesome to cucumbers at the Station 
during July necessitating frequent spraying. It also heavily infested 
a 2-acre planting of cassava melons at Loiza in January (A.S.M., 
P.W.Mason det.). It was undoubtedly general and injurious as 
usual. 

Diabrotica graminea Baly (II.G.Barber det.) was doing light dam¬ 
age on a 2-acre planting of squash at Vega Alta on Nov. 24 (A.S.M.). 

Diabrotica innub a Fab., a leaf-beetle, was quite abundant on can¬ 
taloupes at Isabela in July (G.N.W.). 

Diaphania hyalinata L., the melon worm, was observed the end of 
July to be considerably injuring the leaves and blossom-buds of a 
fair-sized patch of cucumbers at the Station at Rio Piedras; the 
vines were just beginning to run and no fruit had set as yet. It 
necessitated spraying almost every other day during August. On 
Jan. 4 it was observed doing considerable damage to young cassava 
melon vines at Loiza; moderate damage observed on squash vines at 
Vega Alta in Nov. and to cucumber at Manati in January; in a 
well sprayed field of cucumbers, however, at Barceloneta only slight 
damage was being done (A.S.M.). 

Nezara virid/ula L. lightly infested squash leaves in a 2-acre field 
at Vega Alta, Nov. 24 (A.S.M.). 

Margaronm nitidalis Cr., the pickle worm,—a single larva found 
in a fruit while examining a crate offered for shipment; the adult 
was reared (A.S.M., Schaus det.). 

Agallia albidula, Uhl. (P.W.Oman det.) lightly infested cassava 
melon at'Loiza, Nov. 6 (A.S.M,.). 

Argyria diplomachalis Dyar (Pyralidae, Wm. Schaus det.) one 
adult resting on a cucumber leaf at Loiza, Mar. 14 (A.S.M.), Only 
one previous published record—“on weeds and at light” Rio Pie¬ 
dras, 1916. 

Dasheen 

Atherigona orientglis Schiner (Anthomvidae, Aldrich det.) mag¬ 
gots were found infesting 1 root out of 10 examined in the Public 
Market in San Juan on Mar. 30 (C.G.A.). Apparently not previ¬ 
ously listed from P. R. 
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Eggplant 

Epitrix parvula Fab., the tobacco fleabeetle, heavily infesting 20 
plants examined at Loiza on Mar. 14 (A.S.M.; H.S.Barber det.). 

Myzus persicae Sulz. moderately infesting 20 plants at Loiza in 
March but it was injurious in other places also during the year as 
usual. 

Lysiphlebus testae eipes Cress. Adults were numerous on eggplant 
leaves at Loiza, Mar. 14 where they were undoubtedly parasitizing 
aphids which were numerous on the plants (C.G.A.) Miusebeck det.). 

Coyrthaica planaris Uhl. (=C. monacha Stal.) was observed 
moderately infesting the foliage of about 10 out of 40 plants examined 
at Juncos on Jan. 25 (R.F., H.G.Barber det.). Altho few definite 
observations were made other than this it was undoubtedly present 
and more or less injurious as usual. 

Aleurotrachelus Irachaides Back, badly infesting a number of ex¬ 
perimental potted plants in the Station greenhouses during April. 

Argyria opposita Zell. (Pyralidae, Schaus det.). 5 moths col¬ 
lected on eggplant leaves at Juncos, Jan. 25 (R.F.). Not in Wol¬ 
cott’s “List.” 

Kalotermes marginipennis intercepted in a shipment of egg-plants 
from Puerto Rico (S.R.A., P.Q. &C.A., issued March, 1932, p, 347), 
Not in Wolcott’s “List.” 

Ficus sp. 

Diaprepes spengleri L., adults were present in fair numbers (but 
less so than on the same trees last June) on several trees of a Ficus 
probably laevigata near Santa Isabel on August 20-22, 1931. 35 

egg masses were collected with Dr. J. G. Myers during several hours 
hours careful search in an effort to obtain Trichogrammatid egg- 
parasites for introduction into Barbados. The percentage of para¬ 
sitism could not to determined at the time. 

Galleqo (Polysias Guilfoylei) 

Icerya purchasi Mask., the cottony-cushion scale, was first found 
infesting this plant on Feb. 26 in Santurce. During the spring 
gallego trees were found infested at Palo Seco and in one or two 
other localities. 

Gompiirena dispersa Standley 

Hymenia fascialis Cramer continued to be abundant on this weed 
at El Morro in San Juan, the larvae webbing together and skeletoniz¬ 
ing the leaves. \ 
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Grape 

Aphis Utinoisenm Shimer, the black grape aphid, was present in 
small numbers on several vines in an arbor at Ponce early in March. 
It was also abundant on the tender shoots of a fairly large arbor at 
Puerto Beal, Yieques Island, Sept. 8. 

Grasses 

Scapteriscus didactylus Scudder, the changa, did considerable 
damage to the St. Augustine grass in the fairways on the golf course 
at San Juan during dry weather in the spring of 1932. 

CicadeUa similis Walker (P.W.Oman det.) adults were very 
abundant on mallojillo or Para grass, Panicum barbinode , at Baya- 
m6n, May 15 (C.G.A.). 

Collaris oleosa Dist. (Miridae, H.G.Barber det.) adults numerous 
on Para grass at Bayamon, May 15 (C.G.A.). Not in Wolcott’s 
“List.” 

Zelus subimpressus Stal (H.G.Barber det.) adults numerous on 
Para grass at Bayamon, May 15 (C.G.A.). Not in Wolcott’s “List.” 

Catorhintha gvttvla Fab. (H.G.Barber det.) a small number of 
adults on grass at Ponce, June 8 (R.G.O.). 

Mormidea cubrosa Dallas (H.G.Barber det.) present in moderate 
numbers on % grass at Ponce, May 13 (R.G.O.). Not in Wolcott’s 
M List.” 

Pmm phaeopteraUs Guen. was reported on July 8 as injurious to 
“gramma” grass (St. Augustine grass) at Isabela. The grass on a 
large lawn was worse affected in the shade than in the sun (G.N.W.). 

Guava 

Leptomastix dactylopn Howard (Encyrtidae, Muesebeck det.). 
A pupa found in a guava fruit infested with Anastrepha sp. larvae 
(C.G.H.). Not in Wolcott’s “List.” 

Coccus mridis Green, the green scale, moderately infesting the 
leaves of two bushes at Arecibo, Feb. 23 (A.S.M.). 

Lechriops psidm Marshall (Curculionidae, Buchanan & Boving 
del) larvae in mummied fruits at the Atlas Fruit Co. in Bayamon, 
Jan. 11 (C.G.A.). Apparently the second record from P. R,, the 
tjpe being the first. 

Ormems infusmta Stal (P.W.Oman det.) one adult on a guava 
leaf at Arecibo, Jan, 26 (R.F.). 

Xyleborus sacchari Hopk. (Blackman det.) reported as infest- 
% 2 .out of 10 fruits examined at Cabo Rojo, Sept. 16 (A.G.H.). 
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Leptoglossus stigma Hbst. (H.G.Barber det.) abundant on the 
leaves of 3 guava bushes at Cidra, Nov. 13 and many aduits on a 
bush at Trujillo Alto, Oct. 23 (A.S.M.). 

Argyria diplomachalis Dyar (Pyralidae, Schaus det.) adults com¬ 
mon on several bushes at Corozal, Mar. 18 (C.G.A.). 

Heterothrips sericatus Hood (J.R.Watson det.) numerous in all 
of the blossoms on one bush at Barceloneta, June 14 (A.S.M.) 

Metachroma sp., new to U.S.N.M. (H.S.Barber det.) found in 
small numbers on the leaves at Rio Piedras, May 31 (C.G.A.). 

Pulvinaria psidU Mask. (Morrison det.) moderately infesting the 
leaves at Lares, April 15 (R.G.O.). 

Anthonomus inovatus Dietz (Buchanan det.) one adult on a fruit 
at Adjuntas, Apr. 11 (R.G.O.). Not in Wolcott’s “List.”. 

Aleurodicus ( Metaleurodious) minimus Quaintance (G.B.Merrill 
det.) moderately infesting the leaves of 2 guava trees on the Denton 
Farm at Arecibo, Feb. 23 (C.G.A.). 

Ormenis pygmaea Fab. (P.W.Oman det.). Adults in small num¬ 
bers on the above trees (A.S.M.) and a moderate number of adults 
on a coffee tree at Arecibo on Mar. 8 (C.G.A.). 

Hibiscus 

Frankliniella cubensis Hood and insulans Franklin (J.R.Watson 
det.) adults in flowers at Mayagiiez, March 20 (A.G.H.). 

Haplothrips n. sp. (Watson det.) adults in flowers at Mayagiiez, 
Mar. 20, (A.G.H.) 

Inga Spp. 

Tanaostigimodes portoricensis Cwfd. (Muesebeck det.) Heavily in¬ 
festing pods of Guam&, Inga laurina , at Mayagiiez, March 24. 
(A.G.H.) Previously known in P. R. only from the type. 

Brenthia pavonacella Clem. A leaf-skeletonizer, badly infested 
the Inga shade trees thruout the coffee growing regions from fall ta 
spring. 

Carpolonchaea pendvla Bezzi (Aldrich det.) adults reared from 
Inga Imrvna fruits, 25 per cent infested, at Jayuya, Jan. 18 (R.G.O.) 

Jobo ( Spondias dulcis Frost) 

Saptoncm luteolus Er. and Urophorus humeralis Fab. (E.A. 
Ghftpin det.). All the fruits in a small package infested at Arecibo, 
Oet. 29 (R.G.O.), The latter not in Wolcott’s “List.” \ 
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. ' Mahogany 

Saissetia oleae Bern, and Chrysomphalus dictyospermi Morg. 
(Morrison det.) Very bad on a number of young trees at Forestry 
Station, Rio Piedras, Mar. 29. 

Malay Apple (Jumbos malaccensis) 

Coccus mangiferae Green, C. acuminatus Sign, and Diaspis bois- 
duvalii Sign. (Morrison det.). Moderately infesting the leaves of 
two trees near Rio Piedras, Jan. 11. (A.S.M.) The last not in 

Wolcott’s 44 List” 

Eucalymnatus tessellatus Sign. (G.B.Merrill det.). Same as 
above. 

Mamey (Manimea americana L.) 

Toxoptera aurantiae Boyer (P.W.Mason det.) Young leaves 
heavily infested on small trees at Las Marlas, Mar. 17 (A.G.H.) 

Patara albidiUa Westw. (P.W.Oman det.). Adults common on 
one tree at Barceloneta, Mar. 22 (C.G.A.). Not. in Wolcott’s “List.” 

Mango 

Selenothrips rubrocinctus Giard did considerable damage to the 
foliage of 1,000 nursery trees at the Station in August. 

Asterolecunium pustulans Okll. badly infested 3 trees at Rio 
Piedras, Feb. 23. 

Mangrove 

Psychonoctua personalis Grote badly infested a large area of 
mangrove swamp at Pt. Cangrejos near San Juan in April. The 
trunks and branches down to ground level were badly tunneled in 
nearly all the plants. Larvae of all sizes, pupae, and empty pupal 
skinp were present. It was cut before maturity, causing a consid¬ 
erable loss in the yield of charcoal, 

MarIa (CalophylUim antillarum Britt.) 

Eucalymnatus tessellatus Sign. (Morrison det.) lightly infested 
one tree near Rio Piedras, Feb. 17 (G.G.A.) 

Pseudococcus adonidum L. (Morrison det.) heavily infested the 
leaves of a tree near Rio Piedras, Feb. 17. Not in Wolcott’s “List.” 

Oxacis sp. probably new (H.S.Barber det.) Adults numerous on 
the leaves of several trees in Santurce, May (A.S.M.) 
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Toxoptera aurantiae Boyer and Aspidiotus cocatiphagus Marl, 
lightly infesting the young shoots on several trees in Santurce in 
May. First record for this host in P. R. 

leery a, purchasi Mask, was abundant during the spring and early 
summer on a number of trees in Santurce. 


Okra 

Pectinophora gossypiella Saund. was found on July 10 infesting 
10 out of 16 pods examined in a 1-acre planting at Trujillo Alto. 
The okra adjoined a field of about 1% acres of cotton which showed 
about 85 per cent infested boll§. The okra plants examined were 
situated near the edge of the field next to the cotton. The infested 
pods were all mature, at least 3 or 4 inches in length, and each con¬ 
tained 1 or 2 larvae and several pupae were found within the pods. 
The cotton was an old field which had been infested for some time. 
In July (A.S.M.) okra planted experimentally at Isabela with cotton 
was also infested. 

Diabrotica gramma Baly did considerable damage at the Station 
during August and moderate damage in a 1-acre planting in Trujillo 
Alto in July. 

Aphis gossypii Glover was generally present but not very in¬ 
jurious at the Station during July. 

Corythucha gossypii Fab. was found towards the end of the month 
in small numbers on the okra at the Station. The okra adjoins the 
pole limas on which the insects were breeding very abundantly. 
Only adults could be found but these were feeding to a noticeable 
extent, causing the characteristic yellowish stippled areas on the 
leaves. 

Hyaliodes n. sp. (11.IT.Knight det.) was present in some numbers 
in the same planting. 

Oleander 

Asterolecanium pustulous Ckll., was very abundant on a number 
of oleanders at Guanica on March 12. A plant was also heavily in¬ 
fested at Old Loiza, April .29 (A.S.M.). 

Palm 

Pinnaspis buxi Bouche, heavily infesting a palm at Pennock’s 
nursery near Rio Piedras, Feb. 17 (R.F.; Morrison det.). Not in 
Wolcotts “List.” 

Eucalymnatus tesselatus Sign. (Morrison det.) heavily infested a 
palm in a nursery near Rio Piedras, Feb. 17 (C.G.A.) 
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PseudococcMs mpae Mask, moderately infested a palm in San- 
turce, May 23. 

Panama Potato Tree 
(,Solatium grandiflorum leiocarpwm) 

Pseudococcus citri Risso (Morrison det.) lightly infested the leaves 
of 6 large trees at the Station at Rio Piedras, Feb.; also 30 trees 
near Juncos, Jan. 25 (C. G. A.) 

Pseudoparlatoria ostreata Ckll. A heavy infestation on the bark 
on one bf the trees at Juncos. 

Papaya 

Toxotrypana curvicauda Gerst. Three medium sized fruits sent 
in by the Agricultural Agent at Jayuya with letter of June 1 stating 
that they came from a planting of about 50 trees just coming into 
production on the farm of Dr. Manuel Megias, Barrio Collores. All 
were fairly green, the 2 smaller moderate sized ones had been badly 
infested but the larger one was clean—only 1 or 2 dead larvae pres¬ 
ent. The papaya fruit fly was also sent in under date of July 8 by 
F. B. McClelland from the Mayagiiez Experiment Station in a rather 
small and rather green fruit which contained 14 newly formed pu- 
paria and 1 full grown larvae (M. D. L.) One fruit was found in¬ 
fested at the substation at Isabela on July 3 and sometime during 
the month all of the fruit on several plants in a farm near Agua- 
dilla were infested (G. N. W.) It was also found to be infesting the 
fruit of a number of plants on a farm near Ponce on Aug. 5. One 
fruit small and green and about 2 y 2 inches long contained 20 larvae 
and another somewhat more mature and about 5 or 6 in. long con¬ 
tained 24 larvae; in both fruits the maggots were nearly to full- 
grown. The owner, Mr. Heraclio Gir6n, stated that during May and 
June nearly all of the fruits on his trees were infested, many so 
badly that they had to be thrown away. It was not found in several 
fruits cut open at the farm of Heraclio Gir6n near Ponce on Sept. 9. 
Mr. Giron stated that no infested fruits had been noticed for several 
weeks whereas formerly they had been heavily infested. As previ¬ 
ously reported many infested fruits had been destroyed and I suspect 
that this resulted in greatly reducing the infestation in his planting. 

Pseudoparlatoria, ostreata Ckll. Heavily infested the fruits and 
stems of a papaya in San Juan, Jan. 13 (A. S. M.) It was abundant 
also bn a number of trees in the Gir6n farm near Ponce, September. 
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Aulacaspis pentagona Targ. moderately infested the trees on the 
Gir6n farm. There was also a heavy infestation at the Isabela Sub¬ 
station in March. 

Scdssetia hemisphaerica Targ. also heavily infested the trees at 
Isabela. 

Corythucha gossypii Fab. heavily infested the trees at Isabela dur¬ 
ing March and as is usual was observed in other places thruout the 
season. 

Epitomiptera orneadalis Guer. (Schaus det.) A larva was found 
feeding on a papaya leaf, Mar. 8 (C. G. A.) Not in Wolcott’s “List.” 

Nezara viridula L. (H. G. Barber det.). A light infestation of 
nymphs on papaya leaves near Rio Piedras, Mar. 9 (C. G. A.). 

Peas 

Illinoia solanifolia Ashm (P. W. Mason det.). One winged adult 
was on a pea leaf at Oidra, Feb. 26 (A. S. M.) Not in Wolcott’s 
“List.” 

Piezosternum subulatum Thumb. (H.G.Barber det) a small num¬ 
ber of adults on garden pea leaves in a small patch on the Vivell 
farm at Trujillo Alto, Feb. 5 (A.S.Mills). 

Agromyza pusilla Mg. adults reared from larvae making serpen¬ 
tine mines in pea leaves—a moderate infestation in a 2-acre planting 
at Cidra, Feb. 26 (A.S.M.; J. M. Aldrich det.). In Wolcott’s 
“List” but without definite food-plant or locality. 

Pepper 

Aleurotrachelus trachoides Back (M. D. L. det.) moderately in¬ 
fested a number of plants at the Station at Rio Piedras October and 
was n'oticed in April. It was also found August 17 to be badly in¬ 
festing a house plant in Santurce. 

Coreocoris batatas Fab. a light infestation on the leaves of a 5 
acre pepper field at Yega Alta on Dec. 29 (A. S. M.; H. G. Barber 
det.) 

v Myzus persicae Sulz., was found to be lightly infesting the leaves 
of a 5 acre pepper field at Rio Piedras on Feb. 8 (R. F.; P. W. 
Mason det.). • 

Disonycha laevigata Jacoby (H. S. Barber det.) lightly infesting 
the foliage and fruit of peppers and a moderate infestation on cucum¬ 
ber at Loiza on Feb. 7. There were 5 acres of peppers and 1 acre 
of cucumbers. (A. S. M.) 
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Chrysocharis parksi Cwfd. adults reared from pupae of Agromyza 
pusilla Mg. mining in pea leaves at Cidra, Feb. 26. 30 per cent of 
the dipterous pupae parasitized with this or another species. Not in 
Wolcott's 44 List." 

Saissetia hemisphaerica Targ. (Morrison det.) lightly infesting 
the stems of 3 plants at the Experimental Farm at Trujillo Alto, 
Mar. 9 (C.G. A.). 

Pigeon Pea 

Etiella zinckenella Tr. (Heinrich det.) larvae were found in hamp¬ 
ers of pigeon peas from Aguadilla, Lajas and Isabela for shipment to 
the States (A. G. Harley). 

Heliothis virescens Fab. (Heinrich det.) larvae lightly infested 
hampers of pigeon peas to be shipped to the States from Lajas in 
March, Aguas Buenas and San Sebastion in January and from Agua¬ 
dilla and Isabela (A. G. H.) 

Icerya purchasi Mask, was found from April on, lightly to mod¬ 
erately infesting pigeon peas grown near infested citrus in Palo Seco 
and Bayamon. 

Saissetia oleae Bern. (Morrison det.) so badly infested 4 bushes 
at Lajas on Feb. 13 that they were nearly dead (A. G. H.) 

PINEAPPLE 

Phyllophaga spp. larvae were reported on Apr. 13 by Eugenio 
Rivera, Agr. Agt. at Manatt as having badly injured a number of 
pineapple fields at Vega Baja and Corozal during November and 
December. 

Solenopsis geminatum Fab. also did considerable damage in the 
same place. 

Cutworms (Noctuidae). J. E. Raymer reported (specimens sub¬ 
mitted) on Feb. 15 that cutworms had been at that time working for 
about 3 weeks on 10 acres of his pineapples, at Arecibo, causing a loss 
of about Ys of the plants by eating out large holes and destroying 
any market value of these plants. 

* 

Pomarrosa ( Jambos Jamb os L.) 

Coccus acuminatus Sign. (Morrison det.) infesting many leaves of 
a pomarrbsa tree at Corozal Feb. 9 (C. G. A.). 

Saissetia oleae Bern. (Morrison det.) Infested many leaves of one 
tree at Corozal, Feb. 9 (A. S. M.) 
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Colpoptera maculifrons Muir (P. W. Oman det.) adults numerous 
on the leaves and stems at Bayamon, June 6 (A. S. M.) 

Ormenis pygmaea Fab. (P. W. Oman det.) Many adults on the 
leaves of several trees at Corozal, Apr. 12. (C. G. A.) 

Philaenus f mcovarius Stal. one adult on a pomarrosa twig at Ba¬ 
yamon, June 6 (C. G. A.) 

Potato, Irish 

Xylomyges eridania Cr. (Schaus det.) larvae were found to be 
eating many of the leaves in a 25 acre field of Irish potatoes on the 
Ellsworth farm at Oidra, Feb. 5 and a light infestation of the larvae 
was found on foliage on a 5-acre field of peppers on the Cabrera farm 
at Loiza on Feb. 8 (A. S. M.) 

Cutworms (Noctuidae) had destroyed about 5 per cent of one- 
month old Irish potato plants on *4 acre at Aibonito by Feb. 3 altho 
many of the injured plants were sending up new shoots; Severo Pa- 
g&n, Agr. Agt. at Aibonito, reported that 4 or 5 plantings in the 
vicinity were similarly affected (F. Chardon). 

Diabrotica graminea Baly, was reported on Feb. 2 as doing con¬ 
siderable damage to both snap beans and Irish potatoes at Orocovis. 

Aleurotrachelus trochoides Buck, badly infested a number of ex¬ 
perimental Irish potato plants in the station greenhouses during April. 

Nezara viridula L. (H. G. Barber det.). A small number of adults 
on the leaves of a 25-acre planting of potatoes on the Ellsworth farm 
at Cidra on Feb. 5 (A. S. M.). 

Epitrix cucumeris Ilarr., the potato flea-beetle, was observed in 
moderate numbers in several places but not sufficient observations 
were not made to determine how T much damage w T as done to the vari¬ 
ous plantings thruout the growing season. 

Potato, Sweet 

Agromyza ipomeae Frost was present thruout the year as usual in 
moderate numbers in all patches observed. 

Euscepes batatae Waterhouse, was found lightly infesting one 
tuber ill the public market at Puerta de Tierra, San Juan (R. F. & 
R. G. 0.) Specimen sent in for determination on Apr. 6 by F. A. 
Velasco, Agr. Agent at Guayanilla, as badly infesting a small piece 
of sweet potatoes. 

Spartocem batatae Fab. was abundant in all stages on a small 
patch of sweet potatoes in Hato Rey the end of April (F. Chardon). 
It was also reported as fairly abundant in all stages on several plants 
in Carolina on Nov. 2. 
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Cylas formicarius Fab. adults were not uncommon during 8 nights 
of collecting at light at Puerto Real, Vieques Island Sept. 25-27. 
Arturo Ri'ollano, the local Agricultural Agent, stated that he had 
observed the insect as generally distributed and very injurious since 
he had been on the Island from Sept. 1930. It was generally distrib¬ 
uted and as injurious as usual in P. R. thruout the year. 

Cyrtocapsus caUgineus Stal (Miridae, H. G. Barber det.) was 
found abundant on March 16 on a small patch of sweet potatoes in 
the Governor’s garden in Rio Piedras (C. G. A.). Not in Wolcott’s 
“List”. 

Bemisia inconspicm . What is undoubtedly this whitefly was re¬ 
ceived from Miguel Diaz, Agr. Agt. at Arecibo under date of Mar. 
26 on sweet potato leaves for identification. 

Pumpkin 

Margaronia hyalinata L. (Schaus det.) was feeding on pumpkin 
leaves in a small garden at Juneos on Jan. 25 (R. F.). 

Rose 

Icerga purchasi Mask., the cottony cushion scale, was found moder¬ 
ately infesting a number of large rose-bushes in a home garden in 
Santurce where Mr. Luciano of the Insular Plant Quarantine Office 
said it had been present for at least two years; this was the first 
record for the Island. 

Metachroma antewnalis Weise, a leaf-beetle, was received under 
date 'of Sept. 4 for determination from the Aguirre Sugar Co. The 
beetles were said to be present in enormous numbers and doing great 
damage to rose bushes. Out of over 1000 good sized rose bushes 
over 400 had been killed, the beetles first eating the flowers, next the 
leaves and finally gnawing off the bark of the woody parts. The 
beetles first appeared in the spring of 1920 and were present the fol¬ 
lowing year and this, from April into September. It was stated that 
when disturbed the beetles drop readily. This species was originally 
described from Puerto Rico in 1885 by J. Weise in “Beitrag zur 
Ohrysomeliden und Coecinelliden Fauna von Puerto Rico” Archiv. 
fur Naturgeshichte 51(1) : 155 and has apparently not been reported 
outside of the Island. Here it has been reported as rather badly 
attacking cotton at Quebradillas in June 1922 and was found between 
leaves and in spider nests on various plants on the beach at Arecibo 
in May 1923, 
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CryptocephaZus nigrodnctus Suff. was reported as lightly infest¬ 
ing about 200 rose bushes on the farm of Pedro Osuna in the Barrio 
of Quebrada Arenas near Rio Piedras. The beetles eat the leaves but 
especially the buds. 

Conotelus fwcipennis Er. (E. A. Chapin det.). A moderate num¬ 
ber of the beetles on the flowers of 3 bushes at Ad juntas, June 19 
(R.G.O.). 

Franklimella insularis Franklin (J. R. Watson det.) reported on 
June 1 by the local Agr. Agt. in Vieques Id. as doing great damage 
in 5 different farms and trouble is apparently general; it was the 
first the growers have noticed trouble in Vieques but stated that it 
had been previously noted in Mayagiiez and other towns but was 
never reported. Buds attacked never open and flowers are totally 
spoiled, withered ones being full of thrips when opened especially at 
base of petals. Some gardens were 100 per cent infested and not a 
sound rose could be picked. Canna blooms were also attacked but 
not much damage done. 

Silk Oak ( Grevillea robusta Cunn.) 

Asterolecanium pustulans Ckll., was found infesting badly a fair¬ 
sized silk oak near Bayamon on Apr. 10; a number of twigs and 
smaller branches had been killed by the attack. 

Spider Lily (Hymenocallis declinata) 

Xanthopastis timais Cramer (Heinrich det.). From Oct. thru 
Jan. the larvae were very abundant and doing considerable damage 
to the leaves on about 10 ornamental plants in a large nursery near 
Rio Piedras on Oct. 10 (M. D. L. & A. S. M.) 

Squash (See cucumber and melon) 

Sugar Cane 

Diatraea saccharalis Fab. was reported in Sept, by I. Flores 
Lugo, Agr. Agt. of Carolina as causing a large percentage of 4 ‘dead 
hearts” on about 4 acres out of about 200 acres of cane in the barrio 
Cangrejos Arriba of Carolina. The cane had been planted in April 
or May; this worse affected part had to be plowed up and replanted. 
The insect was not very abundant on Vieques Island during an in¬ 
spection trip on March 23 due probably to the unduly high rainfall 
for the Island (72 ins.> of last year. (M. D. L.) tfhe moth-borer 
however was worse according to S. C. McCall on the 1931 crop in 
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Vieques Island than on the 2 previous years’ crops under his obser¬ 
vation (a total of about 3,500 acres). He stated that Japanese cane, 
usually supposed to be somewhat less infested than other varieties 
was however the worst infested of all during this past year. 

Pseudococcus boninsis Mask. (= calceolariae of authors) was not 
uncommon on sugar cane in several localities examined in company 
with C. E. Pemberton on Vieques Island on March 23. (M. D. L.; 

Pemberton det.) 

Pseudococcus sacchat'i Ckll. was moderately common on both Uba 
and Crystalina (a little more so on latter apparently) in several sec¬ 
tions examined ’on Vieques Island on an inspection trip on March 
23. (M.D.L.) 

Aspidiotus sacchari Ckll. was moderately common on a large lot 
of IJba cane being loaded at the dock on Vieques Island, examined 
on March 23. (M. D. L.) 

Dyscinetus barbatus Fab. adults of a species known to injure cane 
were absent at lights at Isabela during the whole of July but began 
appearing again at lights on Sept. 2 at Isabela (G.N.W.) 

Ligyrus turmdosus Burm. were abundant at light during July at 
Isabela and many were being eaten by the imported toad, Bufo ma- 
rinus L. (G. N. W.) An adult was taken at a light in Santurce, Mar. 
27 (A. S. M.; E. A. Chapin det.) 

Phyllophaga vandinei Smyth. Scattering male adults were col¬ 
lected on Aug. 11 and 12 at Isabela but by the end of the month 
they were even yet not common there (G. N. W.) 

Strataegm quadrifoveatus P. de B. Two adults of the coconut 
rhinoceros beetle were received under date of July 16 from Alberto 
Correa from IJtuado with the statement that they were found eating 
the shoots of young cane plants; the injury was noted in several 
places near Utuado (M. I). L. & F. S.). 

Dyscinetus barbatus Fab. Adults of this Scarabeid beetle, aft oc¬ 
casional minor enemy of cane were observed in small numbers at lights 
at Hato Rey on Aug. 31 (M. D. L.). At Isabela adults were not ob¬ 
served at lights thruout August and had not been seen at lights 
since June 8 (G. N. W.). 

Bemigia (Mocis) repanda Fab., the sugar cane looper, defoliated 
a small area of Para or malojillo grass ( Pamcum barbinode), young 
plant cane and half grown elephant grass ( Panicetum glcmcum) dur¬ 
ing July at Isabela (G. N, W.) 

8ipha j Hava Forbes, the yellow cane aphis, was observed doing con¬ 
siderable damage in a number of large plantings of young to fairly 
large cane near both Aguirre and Santa Isabel on Aug. 22. Mr. Foss, 



NOTES ON INSECT CONDITIONS IN PUERTO RICO 


127 


Ass’t. Field Manager of the Aguirre Sugar Co. stated on that date 
that during all of July and Aug. there had been a rather general 
tho fairly light infestation thruout nearly all of the Company’s ex¬ 
tensive plantings—this in spite of the fact that the rainfall had been 
greatly in excess of normal. The insect was present to some extent 
on Vieques Island on Sept. 27 but S. C. McCall, local Mgr. of the 
United Porto Rican Sugar Co. on Vieques said it had been absent 
during the past year as far as he could observe. Its absence or at 
least scarcity was probably due to much more than normal rainfall 
on that Island. It was reported on Oct. 7 by Dr. T. Bregger of the 
Ins. Exp. Station to be fairly abundant on about 2 acres of 3 or 4 
months’ cane (old ratoons of POJ 2878) on the Station grounds; 
this in spite of recent abundant rains. He also reported on Oct. 1 
that a field of Uba cane, ratooned 4 or 5 months previously, was con¬ 
spicuously yellow from the road at Jayuya despite much recent rain 
there also. Under date of Oct. 22, a grower, Enrique Lopez Delgado, 
wrote that especially in the barrio Miradoro of Cabo Rojo the yellow 
aphis had by then destroyed almost 25 per cent of the plantings and 
of the remainder about 50 per cent were infested. He reported the 
infestation as extending into the other cane growing section of Sa- 
bana Grande, San German, Lajas, Hormigueros and Mayagiiez. In 
Miradoro not only Japanese cane was attacked but also BH 10(12) 
and POJ 2878. At the Station a 2 acre planting of 2 months' old 
ratoons POJ 2878 was lightly infested early in June despite 13 ins. 
rainfall during the previous month and another planting of the same 
size and variety was considerably infested thruout all of Feb., Mar. 
and Apr. with only 6 ins. rainfall for the 3 months. 

Tamarind 

Sitophilus linearis Hbst., the tamarind pod-borer, adults and lar¬ 
vae, found feeding in one pod in a crate of tamarinds for shipment 
to the States, Feb. 25 (C. G. A.; Buchanan det.). 

Myelois ceratoniae Zell. (Heinrich det) 20 per cent of about 100 
pods examined at Trujillo Alto found infested with larvae; adults 
were reared (A. S. M.) Not in Wolcott’s “List”. 

Tamarix sp. 

Saissetia hemispherica Targ. (Morrison det.) fairly abundant on 
a couple of small trees of Tamarix sp. at the Forestry Statipn at Rio 
Piedras on Mar. 29 (M. D. L.) 
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Tobacco 

Practically no definite observations were made on tobacco insects 
during the year but reports would indicate that the more important 
insects were present in about the usual numbers. Plea beetles were 
bad on experimental plantings at the Station during the dry spell 
thruout Feb. Mar. and April. 


Tomato 

Scapteriscus didactylus Latr., was doing considerable damage to 
young tomato plants in a 3-acre field of tomatoes and to a 3-acre 
planting of eggplants on Nov. 6 at Loiza; grass land adjoined these 
fields (A.S.M.). 

Myzus persicae Sulz. (P. W. Mason det.) was observed very lightly 
infesting the foliage of a 3-acre field of tomatoes at Loiza on Nov. 
6 (A. S. Mills). 

Cyrtopeltis varians Dist. (H. G. Barber det, Miridae) was found 
lightly infesting the foliage of a 3-acre field of tomatoes at Loiza on 
Nov. 6 (A. S. M.). Not in Wolcotts 4 4 List’ \ 

Agallia albidula Uhl. (P. W. Oman det.) lightly infested the leaves 
of tomatoes at Loiza, Nov. 6 (A. & M.). 

Grasshoppers (Locustidde ) did considerable injury to several large 
tomato plants grown for experimental purposes in the greenhouse at 
the Station during the latter of September. The injury was by 
the young green nymphs. 

Xylomyges eridania Cr. (Schaus det.) larvae moderately infesting 
tomato fruits, which were being eaten out at the Vivell farm at Rio 
Piedras, Feb. 15 (R, F.) 

Atherigona excisa Thom., many larvae in a decayed tomato from 
Isabela on Jan. 19 (C. C. A.; C.. T. Greene). 

Empoasca fabalis DeL., moderately infested a 3-acre field of to¬ 
matoes on Nov. 6 at Loiza (A. S. M.; P. W. Oman det.). 

Flea beetles were bad on tomatoes at the Station in Rio Piedras 
during the dry spell thru Feb., Mar. & Apr. 

Epitrix cucwmeris Harr. (H. S. Barber det.) was reported in large 
numbers on a number of plants on a farm at Adjuntas in March 
(R. G. O.) 

Chaectocnerna apricaria Suffir. (H. S. Barber det.) in moderate 
|iumfeers on tomato plants at Jayuya on June 14 (R V G. O.) 
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Tree Pern 

Pseudococcus adonidum L. (Morrison det.) found badly infest¬ 
ing the young fronds of two plants at Mayaguez, Mar. 18 (A.G.H.) 

Tropical Almond (Terminaiia catappa h.) 

Ormenis marginata Brunn. (P. W. Oman det.) 3 adults resting on 
the leaves of one tree examined on Mar. 15 at Bio Piedras (A. S. M.) 
and a small number of adults on the leaves of one coffee bush at 
the Demonstration Farm at Arecibo on Mar. 8 (C. G. A.) 

Megalopyge krugii Dewitz, the puss-moth, was abundant on a num¬ 
ber of trees^on Apr. 21 near Arecibo (F. S.) 

Monobelus fasciatus Fab. Membracidae—a small number of adults 
on the flower-stalks of several trees at Bayamon on March 21 (R. F.; 
P. W. Oman det.) 

Attelabus sexmaculatus Chev. (L.L.Buclianan det.) One adult 
on a flower-stalk in examining several “almendro” trees at Bayamon 
bn Mar. 21 (C.G. A.) 

Urophorus humeralis Fab. and Stelidota geminata Say (Nitudilae, 
E. A. Chapin det.) feeding in the fruits at Arecibo, Oct. 10 (R. G. 
0.) and at Anaseo, Sept. 29 (A.G.H.) respectively. 

Haplothrips gowdeyi Fkln. (J. R. Watson det.) in small numbers 
on the leaves at Santurce, June 11 (A. S. M.). Apparently the first 
record for P. R. 

Cicadella sirena Stal. (P. W. Oman det.) adults numerous on 
leaves, Arecibo, May 20 (C.G. A.). 

Chalepus sanguinicollis L. (H. S. Barber det.) a small number of 
adults at base of flower-stalks, Arecibo, May 24 (A. S. M.). 

Vanilla 

Apodrusus wolcotti Marshall (Curculionidae, L. L. Buchanan det.) 
A light infestation of adults on flowers and stems found while exam¬ 
ining 40 plants at Adjuntas, May 17 (R. G. 0.) 

VlTEX ALTISSIMA 

Smssetia oleae Bern, was fairly abundant on a single small tree 

at the Forest Service Station at Rio Piedras on Mar. 28 (M. D. L.) 

* 

Waterlily 

Pentalonia nigronervosa Coq., a waterlily aphid, was reported by 
Dr. N. L. Britton as considerably infesting several plants at San Ger- 
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man on Dec. 29 and in March he submitted specimens from the same 
place (P. Sein det.) In February F. Sein reported several plants 
killed at Santurce, the leaves being badly infested and curled. 

West Indian Laurel {Ficus nitidu Thumb.) 

Gynaikothrips uzeli Zimin, was more or less abundant as usual on 
nearly all trees examined in various places. 

Ischnaspis longirostris Sign. (Morrison det.) was found heavily 
infesting the leaves of several large trees ’on the Plaza in Caguas 
during April. 

Ceroplastes floridensis Comstk. (Morrison det.). A light infesta¬ 
tion on the leaves of the same trees. 

Macrotracheliella laevis Champ. (Anthoeoridae, H. G. Barber det.) 
found feeding in moderate numbers on the thrips mentioned above. 
N'ot in Wolcott’s ‘‘List.” 

Icerya montserratensis R. & H. common on several of the trees in 
the Plaza at Caguas but they did not seem to be quite as abundant 
m last year; this may have been because the observations, such as 
were made, were during the periods of greater rainfall. 

Cattle 

Hasmatobia irrita/ns L. the horn-fly, was observed to be very abun¬ 
dant on all the oxen on the Island of Vieques during a short trip 
there in September. S. C. McCall, manager of the local Sugar Co. 
stated that it had been wqrse this year than usual. One bull was 
covered with flies and in a greatly weakened condition. It was 
reported later that this one and several others had died from the 
effects of the bites. The considerably greater rainfall during some 
months past could have hardly been responsible for the great increase 
in numbers of this pest for in Puerto Rico projier it is ordinarily 
worse on the South Coast where the rainfall is much less than on the 
North Coast. . 

For several additional external parasites of animals see the Report 
of the Veterinarian in Rept. P. R. Agr. Exp. Sta. for 1931. 

Man 

Culex nigripalpm Theo. (Alan Stone det.) adults collected at light 
in hotel room in Mayagiiez on May 1 (C. G. A.). 

Chrysdps variegatus Deg. was occasionally annoying at Rio Pie- 
dras and one or two other localities. 
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Miscellaneous Records 

The following species have presumably not heretofore been re¬ 
corded from Puerto Rico: 

Argyria lacteella Fab. (Pyralidae, Sehaus det.) An adult caught 
at light, Bayamon, Apr. 17 (C. G. A) and another on a lima bean leaf 
in a field at Lolza, Feb. 7 (A. S. M.). 

Psara detrifalis Guen. (Pyralidae, Sehausdet.). An adult taken 
on a fruit in a hamper of peppers from Humacao, Feb. 4 (C. G. A.). 

Mods disseverans Wlk. (Noctuidae, Sehaus det.). Adults taken 
at light at Bayamon, Apr. 17 and May 15 (C. G. A.). 

Monodes agrotina Guen. (Noctuidae, Sehaus det.) at light Baya¬ 
mon, May 15 (C. G. A.) * 

Brachymeria ovata Say (Chalcididae, Musebeck det.). An adult 
reared from a lepidopterous pupa at Mayagiiez, June 24 (A. G. H.). 
It is interesting to note that this species has been recorded from New 
York State where it has been reared from Vanessa antiopa (Cornell 
Univ. Agr. Exp. Sta. Mem. 101, 1928). 

Nasutitermes costalis Ilolmg. (T. E. Snyder det.) collected at light 
at Bayamon, June 12 (C. G. A.). 

Mierobracon hebetor Say (Brac’onidae, Musebeck det.) in a pack¬ 
age of pigeon peas being sent to the States from Ponce, May 18 
(R.G.O.) 

Chlorion (Ammobia) singularis Smith (Larridae, G. A. Sandliouse 
det.) collected in the automobile at Guanica No. 13 (A. S. M.). 

Colyostichus biannulatus Mayr. (Callimomidae, Musebeck det.) 
Moderately infesting the fruits of Piper sp. at Cidra, Nov. 13, (R. 
G. O.). 

Calliephiaites n. sp. (Ichneumonidae, R. A. Cushman det.) An 
adult on a grapefruit leaf at Anasco, May 2 (C. G. A). 

CeratomegiUa innotata Muls. (Coccinellidae, E. A. Chapin det.) on 
a pepper leaf at Vega Alta, Nov. 24 (A. S. M.). 

Monanus condnnulus Wlk. (Ciicujidae, W. S. Fisher det.) on a 
window in a dining room, San Juan, Apr. 24 (C. G. A.). 

Disonycha spilotrachelus Blake (Chrysomelidae, H. S. Barber det.) 
adults on an unknown weed, Santuree, June 29 (C.G.A.). 

Stephanoderes braziliensis Ilopk. (Sc'olytidae, Blackman det.) 1 
adult in a decayed flower-stalk { of banana, Bayamon, May 15, (C. 
G. A.) 

Onathocerus cornutus Fab. (Tenebrionidae, E. A. Chapin det.) 
An adult on a leaf of watercress in a dining room in San Juan, Feb. 
21 (C.G.A). 
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Cylindera flaw® Fab. (Cerambycidae, W. S. Fisher det.). Ad 
adult on a lima bean blossom, Loiza, Dec, 1 (A.S.M.). 

Sapromyza picticonms Coq. (Sapromyzidae, Aldrich det.) adults 
common on grapefruit at Arecibo, Mar. 1 (R. F.). 

Sapromyza slossonae Coq. (Aldrich det.) resting on orange fruit 
at Pueblo Viejo, Feb. 13 (C. G. A.) 

Conoderus bifoveatus Beauv. (Elateridae, W. S. Fisher let.) 2 
adults on a flower-bud of TerminaUa catappa at Barceloneta, May 10 
(A. S. M.) 

Sitodrepa panacea L. (W. S. Fisher) collected at light in a hotel 
room, Mayagiiez, May 1 (C. G. A.) 

Caetylosternum dbdominale Fab. (Hydrophilidae, L. L. Buchanan 
det.). 1 adult at hotel light MJayagiiez, May 1 (C.G.A.). 

Siphunculina signata Wollaston (Chloropidae, Aldrich det.). An 
adult on a dining room window in San Juan, Apr. 1 (C.G.A.) 

Leucomelim n. sp. (Anthomyidae, Aldrich det.). One adult on 
trail up El Yunque Mountain, near Luquillo, Mar. 13 (A.S.M.). 

Ceropsilopa n. sp. (Ephydridae, Aldrich det.). Adults on un¬ 
der side of grapefruit leaves at Arecibo, Apr. 5 (C.G.A.). 

Lasiochilus fv sc ulus Iieut. (Anthocoridae, H.G.Barber det.) 
adults on a decayed flower-stalk of banana at Bayamon, May 
15 (C.G.A.). 

Exitianus obscurinervis Stal. (Cicadellidae, P.W.Oman det.) 3 
adults on leaves of an unidentified weed at Arecibo, June 7 (C.G.A.). 

Megonra n. sp. (Aphididae, P.W.Mlason det.). A moderate in¬ 
festation on 5 plants (plant unrecorded) examined in Santurce, June 
20 (A.S.M.). 

Pycnoderes heidemcmni Reut. and Polymerus cuneatus Dist. (H.G. 
Barber det.) collected by sweeping weeds in Santurce, June 29 
(C.G.A.). 

Coreocoris batatas Fab. (Coreidae) and Engytatus geniculatus 
Reut. (Miridae, H.G.Barber det.) 1 adult each at Anasco, May 2 
(C.G.A.). 

Ongopeltus fdsciatus Dali. (Lygaeidae, H.G.Barber det). 1 adult 
on a fliower at Arecibo, Apr. 22 (C.G.A.). 

Anasa scorbutica Fab. (H.G. Barber det.) a squash bug, was ob¬ 
served lightly infesting a 2-acre planting of squash at Vega Alta, 
Nov. 24 (A.S.ML). 

The following records, altho not entirely new to Puerto Rico, are 
those of insects known heretofore only from the type material from 
Puerto Rico or for the most part from only one or two previous 
records; 
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Xestocephdlug maculatus Osb. (Cicadellidae, P.W.Oman det.) 
collected at light in a hotel in Mayagiiez (C.G.A.). Known only 
from types taken on Inga sp. on the Cayey road at about 2,000 ft. 
elevation. 

Cicadella caffeeapkila Dozier (P.W.Oman det.). Several adults 
on an unidentified plant on the trail up El Tunque Mountain 
(A.S.M.). 

Agallia pepino DeL. &Wolc. (Cicadellidae, P. W. Oman det.) 
collected at light in Mayagiiez, May 1 (C.G.A.). First record from 
the West end of the Island. 

Thamnotettix colonus Uhl. (Cicadellidae, P.W.Oman det.) col¬ 
lected at light in Mayagiiez, May 1 (C.G.A.). Recorded by Osborn 
from several localities but not from the coast at the west end of the 
Island. 

Deltocephalus nigripennis DeL. (Cicadellidae, P.W.Oman det.) at 
light in Mayagiiez, May 1 (C.G.A.). Known only from type male 
from Boquer6n. 

Protalebra lenticvla Osb. (Cicadellidae, P.W.Oman det.) 2 adults 
at light, Bayam6n, May 17 (C.G.A.). Known only from type mate¬ 
rial from Coamo, Jan. 1929. 

Psyllia minuticona Cwfd. (Psyllidae, P.W.Oman det.) at light, 
Bayamon, May 15 (C.G.A.). Only previous records is “common on 
Inga vera at Lares 1922 and thruout the coffee districts. (Wolcott’s 
“List” p. 274). 

Colpoptera brunnea Muir (Fulgoridae, P.W.Oman det.) at light, 
Mayagiiez, May 1 (C.G.A.). Osborn says probably one of the forms 
listed by Wolcott under Carda sp. from several other localities; 
types from Utuado, Toa Alta and Ciales. 

Acinopterus angvlatus Laws. (P.W.Oman det.). Caught by 
sweeping weeds, Santurce, June 29 (C.G.A.). Only record for the 
North Coast. 

Euryopthalmus obovatus Barber (Pyrrhocoridae, H.G.Barber det.) 
common as adults cn branches and trunk of three orange trees at 
Pefiuelas, Jan. 26 (R.G.O.). Apparently known from P. R. only 
by a female paratype. 

Zelus longipes L. (Reduviidae, H.G.Barber det.). An adult 
resting on a guava leaf at Trujillo Alto, Oct. 23 (A.S.M.). Previ¬ 
ously recorded from Trujillo Alto in 1912; elsewhere only in the 
mountains. 

Iceryu montserratensis R. & H. reported by Wm. Barbour, Chief 
Insular Forester, as found moderately infesting on May 4 a small 
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unknown native tree on the north slope of the Luquillo Mountains 
about 5 miles south of Luquillo at about 750 feet altitude. 

Haptonchus luteolus Er. (Nitidulidae, E.A.Chapin det.) 3 adults 
in a decayed star apple fruit, Arecibo, Aipr. 22 (C.6.A.). Little 
known in P. R. 

Lobiopa insularis Cast. (Nitidulidae, E.A.Chapin det.) A great 
many adults on the bark of a tree of Petit m dominguenm at Arecibo, 
Jan. 26 (C.G.A.) Little known in P. R. 

Chysobothris megacephala C. & G. (Buprestidae, M.D.L. det.) 
An adult flew into the car of Raphael Rodriguez of the College of 
Agriculture while passing thru Isabela, May 18. In Wolcott’s 
“List” as collected in 1922 but “date and locality unknown”. 

Xylebarous affinis Eichhoff (Seolytidae, M’.W.Blackman det.) An 
adult at light in a hotel, Mayagiiez, May 1 (C.G.A.) Listed from 
P. R. previously only by Leng & Mutchler. 

Platypus rugulosus Chapuis. (Seolytidae, M.W.Blackman det.) 
2 adults at light in a hotel in Mayagiiez, Apr. 30 (C.G.A.). Only 
previous record is at light at Mameyes in 1913. 

Lema dorsalis L. (Cbrysomelidae, II.S.Barber det.) Adults 
numerous on the leaves and flowers of an unkonwn weed at Arecibo, 
May 24 (C.G.A.). Previously listed from Aibonito, Coairio, Boque- 
ron and Caguas. 

Disonycha laevigata Jacoby (Chrysomilidae, A.J.Mutehler det.) 
Often very injurious to beets, swiss chard, etc., was reported by 8>. 
Molinary, Agr. Agt. at Carolina as very abundant on the eommon 
weed “Jam on eon huevo” (Aehyranthes Bettzickiana) at Loiza dur¬ 
ing October; many adults were submitted for determination. Ap¬ 
parently a new food-plant for P. R. 

Panagaeus guadrisignatus Chev. (Carabidae, L.L.Buchanan det.) 
Adults at light in Bayamon, Apr. 17 (C.G.A.). Previously listed 
only from Aibonito and Guanica. 

Vallopisma, borencona L. &M. (Lampyridae, II. S. Barber det.). 
An adult on a pomarrosa leaf at Bayamon, Mar. 21 (R.F.). Not 
many locality records. 

Callopisma cmarginata L. &M. (Lampyridae, H.S.Barber det.). 
A small number of adults on orange fruits at Peiluelas, Jan. 26 
(RG.O.). Previously listed only from type material from: Miaya- 
giiez, Adjuntas, Rio Blanco Valley and Utuado. 

Psyllobora nam Muls. (Coccinellidae, EA.Chapin det.). Two 
adults oh a cashew nut leaf, Santurce, April 6 (A.S.M.). Little 
known in P. R. 
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Callosoiruchus chinensis L. (Bruchidae, H.S.Barber det.). An 
adult on a pepper fruit in a crate from Isabela, Apr. 4 (C.G.A.). 
Apparently not often recorded in P. R. (See also under bean). 

Eurema euterpe Men. (Pieridae, Schaus det.). A small number 
of adults at Cidra, Feb. 26 (A.S.M.). Apparently little known in 
P. R. but easily confused with E. porioricensis according to Dr. 
Forbes. 

Atrytone vitellius Fab. (Hesperiidae, Schaus det.). Caught in 
a net at Rio Piedras, June 22 (C.G.A.). Apparently not recorded 
since 1922 but probably common in various localities. The larva is 
known as a minor pest of sugar cane. 

Calisto nubila Lathy (Satyridae, Schaus det.). 3 adults caught 
on the trail up El Yunque mountain, back of Luquillo Mar. 13 
(A.S.M.). Apparently only a few previous records but according 
to Dr. Forbes undoubtedly common and widely distributed. 

Dichomeris mancllus Mosch. (Gelcchiidae, as Dichomeris , Busck 
det.). An adult on a pomarrosa leaf at Barceloneta, Mar. 22 (A. 
S.M.). Apparently known heretofore from P. R. only from type ma¬ 
terial, without definite locality. Forbes, following Meyrick lists this 
as a Tmchotaphe (Sci. Surv. P. R. 12:121, 1930). 

Lymire flavixollis Dewitz (Svntomidae, Schaus det.). An adult 
reared from a pupa on a cucumber leaf at Caguas, elan. 25 (R.F.). 
Previously recorded only from Naguabo, Coamo, Lares (Sein) and 
Palmas Abajas, back of Guavama (Hoffman). 

Pseudosphinx tctrio L. (Sphingidae, Heinrich det.). One larva 
from Mona Id. (A.S.M.) which is apparently the first record for that 
place. 

Epistor lugubris Drury (Sphingidae, Schaus det.). Adult at 
light in Santurce in December (A.S.M.). Recorded only from Rio 
Piedras and Lares. 

Syngrapha egena Guen. (Noctuidae, Schaus det.). An adult on 
a lima bean leaf, at Cidra, Feb. 5 (A.S.M.). Only previous pub¬ 
lished record is from Cayey but specimens are in the Ins, Exp. Sta. 
coll, also from Comerio. 

Melipotis januaris Guen. (Noctuidae, Schaus det.) An adult 
at light in San Juan, June 23 (C.G.A.). Apparently but little 
known in P. R. 

Leucinodes elegantalis Guen. • (Pyralidae, Schaus det.). Adult 
at light in Bayamon, May 15 (C.G.A.). Previously only recorded 
from P. R. without definite locality or date but specimens are in the 
Cornell Univ. coll. (Forbes det.) from 7 different widely separated 
localities by various collectors. 
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Lipocosma hebescalis Mosch. (Pyralidae, Sehaus det.). An adult 
at light in Bayamon, Apr. 17 (C.G.A.). Previously recorded only 
from the type but Dr. Forbes collected several specimens in 1930. 

Cataclysta miralis Mosch. (Pyralidae, Sehaus det.). An adult 
at li&ht in Bayamdn, Apr. 17 (C.G.A.). Previously recorded only 
from the type material, without definite date or locality but Dr. 
Forbes found it common on El Yunque and also collected it at several 
other localities in 1930. 

Crambus fissvradiellus Wlk. (Pyralidae, Sehaus det.). An adult 
at light in Bayamon, Apr. 17 (C.G.A.). Previously recorded only 
from P. R. without definite date or locality. 

Crambus ligonellus Zell. (Pyralidae, Sehaus det.). An adult at 
light in Bayamon, Apr. 17 (C.G.A.). Previously recorded only from 
“P.R.” but Dr. Forbes collected a number of specimens in 1930. 

Sarnia ecclesictiis Gqen. (Pyralidae, Sehaus det.). 2 adults at 
light in San Juan, Apr. 24 (C.G.A.). Previously recorded from 
“P.R.” but according to Dr. Forbes this is abundant and general 
and there are many specimens in the Cornell University collection. 

Lamprosema ebulialis Guen. (Pyralidae, Sehaus det.). An adult 
at light in Santurce, Dec. 4 (A.S.M.). Not previously recorded from 
P. R. but there are specimens in the Cornell Univ. coll, from El 
Yunque (Forbes, 1930) and Lares (Sein, 1930 or 1931). 

HuntereUus hookeri Haw. (Encyrtidae, Mueseback det.), found 
on a window in a dining room in San Juan, Apr. 2 (C.G.A.). Only 
2 previous records from P. R. 

Christolimorpha plesius Yier. (Ichneumonidae, R.A. Cushman 
det.). An adult on a leaf of Psidium sp. at Mayagiiez, June 12 
(A.G.H.). Only previously known from type. 

Notogonidea vinvlenta Cress. (Sphecidae, S.A.Rohwer det.). 
Adults numerous on the blossoms of many grapefruit trees at Bar- 
celoneta, May 10 (C.G.A.). Only 1 previous record—from Maya¬ 
giiez (Van Zwaluwenburg’s typewritten “List” of 1914). 

Polistes crinitus var. americanus (Yespidae, G.A.Sandhouse det.). 
Adults numerous on the blossom of many grapefruit trees at Bar- 
celoneta, May 10 (C.G.A.). Apparently not before recorded from 
the north coast. 

Polistes major Beau, and Sceliphron coementarium Drury (F. 
Sein det.). Sent in from Bayamdn by F. Joglar Rodriguez from a 
grapefruit tree, Aug. 6. Both of these species were apparently un¬ 
known in the Island until this past year. 

Etoatfutiopm globosa Fab. (Anthophoridae, GkASandhouse det,). 
1 adult in an automobile at Arecibo, Apr. 22. (C.G.A.). Previously 
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known in P. R. from only one record “tunneling in hard clay at 
Gu&nica (G.B.Mjerrill). ,, 

CycloptUum antillarum Redt. (Gryllidae, A. N. Caudell det.). 
A small number of nymphs on the leaves of a maga tree, Montezuma 
speciosissima, at Arecibo. May 24 (A.S.M.) an adult found in a house 
in Santurce, Oct. 20 (A.S.M.). Apparently little known in P. R. 

Neorandania chalybaea Wied. (Stratiomidae, C.T.Greene det.). 
Many adults resting on grapefruits at Arecibo, Apr. 5 (R.F.). Little 
known in P. R. 

Tabanus hookeri Knab. (A.S.M., Alan Stone det.). One adult, 
at light at Santurce, Feb. Not in Wolcott's “List" but recorded 
from Yieques Id., P. R. in Curran's First Suppl. to Diptera of Porto 
Rico. Described from Porto Rico (Ins. Insc. Men. 3(4): 48, 1919). 

Volucella paUens Wied. (C.T.Greene det.). An adult resting on 
a Termalia catappa leaf, Arecibo, July 27 (IVl.Kisliuk) and an adult 
on an orange at Penuelas, Feb. 25 (R.G.O.). Little known in P. R. 

Chrysotus excavatus VanD. (Dolichopodidae, Aldrich det.). 
Adults on grapefruit in small numbers at Arecibo, Mar. 1 (C.G.A.). 
Previously recorded only from Aibonito. 

Psilopus diffuses Wied. (Dolichopodidae, C.T.Greene det.) Adults 
resting on fruits in small numbers on several sour orange trees, Are¬ 
cibo, Feb. 23 (C.G.A.). In Wolcott's “List" but without definite 
locality. 

Proctacantha rufiventris Macq. (Asilidae, C.T.Greene det.). 1 
fly resting on a tropical almond leaf, Arecibo, July 27 (Max Kisluik). 
Stated by Wolcott to be “quite common" but only actually recorded 
from 2 or 3 definite localities. 

Sigaloessa bicolor Lw. (Oscinidae, Aldrich det.). A moderate 
number of adults resting on leaves of several banana plants at Ba- 
yamon, Apr. 8 (C.G.A.). Recorded only from Coquillett's original 
record published in 1900. 

Gonia crassicomis Fab. (Tachinidae, Aldrich det.) was reared 
from a cocoon of the Noctuid Xylomyges emdania Cr. Previously re¬ 
corded by Jones and Wolcott (Jour. Dept, Agr. P. R. 6(1) : 47, 1922) 
as a parasite of Laphygma frugiperda S. & A. 

Archytas antillicola Curran. (Tachinidae, Aldrich det.). One 
adult on trail up El Yunque mountain, Mar. 13 (A.S.M.). Known 
only from the types (1927) altho these were from several localities, 
mostly at the higher elevations also. 

Drosophila repleta Wioll. - (Aldrich det.) Adults on window in 
dining room in San Juan, Apr. 1 (C.G.A.). Previously recorded 
only from 2 specimens, Santurce 1914. 




THE RELATION OF ANTHER COLOR AND THE PROPORTIONS 
OF STARCH FILLED POLLEN GRAINS IN THE 
SUGAR CANE 

Thomas Bregger, Geneticist, 

Insular Experiment Station, Rio Piedras, P. R. 

The arrowing or flowering of most commercial sugar cane varie¬ 
ties in Puerto Rico takes place from the last week in October to the 
middle of January. The most effective period for crossing work 
extends from the middle of November to mid-December. Previous 
to this period the numbers of arrows are limited and after this period 
the condition of the arrows is not so good. Emergence from the 
sheath or boot is slower, in many instances incomplete, irregular, and 
slower. 

Within the limits of the materia] available it is desirable to ob¬ 
tain as many new combinations and as large a number of crosses 
within the combinations as possible. Where trained help is scarce it 
is desirable to have some rapid method of determining pollen fertility 
of the varieties to serve as males. Pannier (1) describes a suitable 
method but it requires more personnel than the writer has had avail¬ 
able in carrying out his work at Rio Piedras, P. R. During the years 
1929 and 1930 the arrows and attached canes were cut in the late 
afternoon, brought to the laboratory, and placed in quart Mason jars 
with water and a quantity of 6 per cent H 2 SO a sufficient to approx¬ 
imate a 1: 3000 solution. The following morning when pollen shed¬ 
ding took place, samples were collected on slides and examined mi¬ 
croscopically in a saturated solution of iodine in chloral hydrate. 
Counts of iodine positive and iodine negative staining pollen grains 
were recorded. Anther color was noted under field conditions. In 
1931 with a larger number of unknown potential males coming into 
bloom it was realized that our methods would not permit us to do 
much more than make pollen observations if the methods were not 
changed. Hence the arrows were cut without the attached canes. 
Small samples were examined microscopically from florets unopened 
but just below those which shed pollen for that day. The arrows 
were then placed in sheets of newspapers between blotters and dried 
for 10 days to two weeks. Blotters were changed every 2-5 days. 
Further samples were taken at a later date and comprise the data 
presented in table II. 
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Pollen counts 

In crossing campaigns previous to 1930 it was noted that varie¬ 
ties with purple 'or purplish anthers seemed to give larger counts of 
iodine positive grains than those with yellow. In order to ^observe 
any relation between degree of color of anther and iodine reaction a 
number of varieties were examined. They were grouped into three 
classes with respect to color of anthers. In 1930 pollen counts were 
made of 15 varieties. All arrows were taken from field plantings 
unless otherwise noted. 

Table I 

RELATION OF ANTHER COLOR AND IODINE REACTION lft30 


Per cent Iodine Positive In 

No. of _ 

pollen 

Variety grains Purple Med. Pur- Yellow 

counted Anthers Anthers Anthers 


P.R. 358. 

Co-281. 

SC 12-4 (Drums). 

SC12-4. 

POJ-2878. 

P It. 102 

PO J-2726' (Collection j 

POJ-2725. 

Kassoer. 

Tuo-472. 

POJ-2364. 

Badilla. 

POJMJ6. 

D-1136. 

Tuo*450. 

Tuc-454. 

T-2009. 

Average. 

Maximum. 

Minimum. 


The assistance of Miss Ana Molina, Inst, in Biology, U. P. R., in making most of the counts in table 
I is hereby acknowledged. 


In general the data seem to show that intensity of purple color¬ 
ation of the anthers is some indication of the fertility of the enclosed 
pollen grains. Undoubtedly as between yellow and purple of medium 
or better, the latter are to be preferred 'for use as males. It is in¬ 
teresting to note that in the case of SC 12-4, pollen from field grown 
plants had a higher percentage of iodine positive pollen grains and 
more intense purple color than those grown in drums, 

' In 1931 notes were available on 41 varieties and they were grouped 
according to anther coloration into 4 classes. The data presented in 
table II are based on the sum 'of the counts of the first and second . 
samples as mentioned above. There is essentially no difference be¬ 
tween the counts made in November 1931 and those made in August 
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1932. The correlation coefficient between the two series of observa¬ 
tions was 0.642 ± .059. See table II. 

Table II 

RELATION OF FRESH AND DRY FLOWERS 


Percent Positive August 1932 

0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 


Percent Positive November 1931 

82 32 82 82 82 82 o? 
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Note: The discrepancy in total observations between tables II and III is 
due to the fact that anther color determinations were lacking in 4 cases. 
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Yellow Anthers 

Per cent 
Iodine 
Positive 

OOOMoOOOOOt-OOOO 

dbd^ndoeoHdddd 

2.25 

24.2 

0.0 

No. 

Pollen 

grains 

gglS§g§§l§IIll 

1 

j 


Variety 

POJ-36. 

G-119. 

POJ-2883. 

PR-728. 

Tuc-521. 

POJ-2364. 

Tuc-491. 

POJ-2725. 

CP-807. 

PR-440. 

POJ-36M. 

CH-64-21. 

Merthi. 

PR-807. 




Tinged and Light Purple Anthers 

Per cent 
Iodine 
Positive 


27 7 

56 5 

0 17 

No. 

Pollen 

grains 

600 

474 

849 

705 

1408 

656 

1180 

1294 

1016 

725 

576 

879 

1026 

11188 


Variety 

PR-334. 

PR-358. 

PR-422. 

PR-202. 

Al-15. 

Tuc-450. 

PR-547. 

Tuc-472. 

Tuc-454. 

PR-720. 

Co-213. 

POJ-2822. 

Ba-11669. 



Med. Purple Anthers 

Per cent 
Iodine 
Positive 

ONiO^OOOfOOiOOO 

asssssssesss 

48.9 

74.9 
27.0 

No. 

Pollen 

grains 

SiSSRlsIisSS 

7712 


I 

1 

] 

POJ-2878. 

Al-32. 

. PR-507. 

. US-875. 

. PR-702. 

. Co-281. 

. PR-701. 

. PR-208. 

. PR-207.. 

. PR-357. 

. PR-26-187.... 

. PR-338. 




Purple Anthers 

Per cent 
Iodine 
Positive 

. 

«© .. 



No. 

Pollen 

grains 


1702 


Variety 

PSCU 

Ckfk 

Total. 

Maximum. 

i 

* 
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The 1931 data show a similar trend of the average per cent of 
positive reacting pollen grains to increase with the increase in in¬ 
tensity of the anther color. The range and therefore the variability 
is very high in both years. 

If we may assume that arrows with 50 per cent fertility as in¬ 
dicated by the iodine test are worth using as parents then anything 
below medium in color should be only used after a microscopical ex¬ 
amination with iodine has been made. Of course all varieties used 
as males should be checked up for pollen fertility by the iodine test 
sooner or later. 

SUMMARY 

1. It has been shown that within rather wide limits there is a 
positive relationship between pollen fertility as indicated by the 
iodine test and the degree of anther coloration in the sugar cane. 

2. That pollen samples taken from dried flowers nine months af¬ 
ter the fresh samples have been taken are similar in their iodine re¬ 
action has also been demonstrated. 
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BACTERIAL WILT OF TOBACCO IN PUERTO RICO AND ITS 
INTERTRANSMISSION TO OTHER SOLANACEOUS HOSTS 

By Arturo Roque 

Assistant Phytopathologist, Insular Experiment Station, Rio Piedras, P. R. 

Although bacterial wilt of the Solanaceae has been repeatedly re¬ 
ported by various investigators from Puerto Rico, Henricksen (2), 
Stevenson (9), Stevenson and Rose (8), Smith (7), Thomas (11), 
Lopez (4), Seaver and Chardon (6), Cook (1), and more recently by 
Nolla (5), attacking tomato, eggplant, pepper, potato and other 
plants*, the disease has never been found naturally in tobacco nor 
has been produced artificially by inoculation with supposedly pure 
cultures of B. solanacearum E. F. S. from other hosts. Cook (l.c.) 
suspected the pathogene to be a different one when his cross inocula¬ 
tions with the organism from eggplant succeeded on tomatoes and 
peppers but failed on tobacco. Nolla (l.c.) in a very comprehensive 
study of the disease concluded that the Puerto Rico organism, although! 
morphologically similar to B. aoUnaceanm E. F. S. was a strain 
incapable of infecting tobacco. He suggested, however, the pos¬ 
sibility of all varieties of tobacco on the island being resistant to 
the organism. 

The present investigation was initiated with the purpose of as¬ 
certaining why tobacco was not attacked by the Puerto Rican strain 
and, if so, the relationship between the tobacco organism and the one 
attacking other Solanaceous hosts of economic importance, viz., to¬ 
mato, eggplant, pepper and potato. With the introduction of new 
tobacco varieties as a means of improving our standard types and, 
more recently, with the expansion of the vegetable growing industry 
into what was formerly tobacco land, the importance of elucidating 
this point not only has a purely scientific value but also a decided 
economic importance. 

History 

The writer found what was apparently the first observed case of 
bacterial wilt on tobacco in Puerto Rico in the summer of 1931, 
among two of our standard varieties, Ceniza and Utuado, growing 
ill a field that for the last 10 years has been planted with sugar cane 
and, more recently, with strawberries. The plants were about 18 

* Zima« (CroMttina elegant (Jaoq.) Kuntze) ; Solanum torvum L.; 8olanum earibaeum 
Dunal. Undoubtedly many other plant* are attacked under our etfndftions. 
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inches high and growing rapidly. Two of the Utuado plants were 
carefully pulled and their root systems washed. No symptoms of 
fungus attack was evident and the roots, except for the end of the 
main branch, appeared to be healthy. After stripping the plants of 
their leaves, the greater part of the stem was cut off until almost a 
solid core of woody tissue near the base of the stalk was left. The 
roots were then set in a beaker with distilled water in such a way 
as to leave the stub above the surface. In a few minutes, a slimy, 
brownish exudation appeared on the cut surfaces. A microscopic 
examination of the exudate, revealed the presence of enormous num¬ 
bers of motile, rod shape organisms, similar in morphology to B. sola - 
nacearum E. F. S. 

Agar plates from sterile water suspensions of the ooze failed to 
develop colonies after five days, but streaks made directly from the 
exudate made good growth. From these slants,, agar plates were 
poured which in 48 hours developed watery, translucent colonies. 
Sub-cultures were then made from these colonies and in eight days 
developed the typical brown pigment characteristic of this organism. 

Morphologic Symptoms. 

In the Field. —The symptoms of the disease when occurring nat¬ 
urally in the field are typical and distinct. The first indication is 
the sudden wilting of one or more of the youngest leaves. When only 
one leaf wilts it is usually the third or fourth youngest from the 
top. The leaves wilt either totally or partially; when partially, the 
tip or only the area of the blade at either side of the midrib withers; 
when the whole leaf wilts, it droops, so that only the ventral side 
of the leaf is visible. The wilting and drooping of a single leaf 
near the top is an unmistakable early symptom of the disease. These 
early manifestations of infection are usually evident late in the 
morning hours when a bright day follows previous heavy rains. 

If the variety is resistant to the malady, the symptoms progress 
no further and in a week or two the plant completely recovers. Be¬ 
cause of the fact that all of our standard varieties are highly resistant 
to infection, as will be demostrated further on, this may explain the 
reason why the disease has been previously overlooked. 

In case of susceptible varieties, successive wilting of the other 
leaves follows, usually the older ones, and the normal growth of the 
plant is checked so that adjacent healthy plants shortly outgrow 
them. Wilting is not uniform along the plant, but usually one side 
is more wilted than the other or not wilted at all. Wilted areas may 
show a slight yellowish discoloration, but a marked chlorosis is not 
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typical. The leaves finally rot. in some cases, only the stalk with a 
few stripped midribs remaining. If hot dry weather follows the 
initial symptoms, the leaves are irregularly scalded, in a short time 
dry up, become brittle and desintegrate. With moist weather, the 
leaves gradually turn yellow, then brown and finally rot without 
becoming brittle. In advanced stages, the stem blackens, becomes 
hollow and shrivels up. 

When the roots of diseased plants are examined dark grayish to 
black, slightly sunken blotches are often present in the main branches. 
Usually the rootlets arising from these branches are dead and their 
cortex is easily removed. When cross sections of the affected roots 
are made, droplets of a slimy ooze appear on the cut surfaces. For 
diagnostic purposes this is the critical evidence of infection by bacte¬ 
rial wilt. 

Under Puerto Rican conditions, the writer had no difficulty in 
differentiating between fungus wilt as produced by Rhizoctonia solani 
Kuhn, Phytophthora parasitica var. nicotianae Tucker, and bacterial 
wilt, as soon as the early symptoms of both types of infection are 
evident. In the former cases, the wilting is sudden and general, that 
is, practically all the leaves wither and droop simultaneously and a 
marked chlorosis is immediately noticeable. Wilted plants do not 
recover from day to day with the advent of moist weather and 
cloudy mornings as plants attacked by bacterial wilt do in the early 
stages. So clear cut is the difference that the writer never failed to 
obtain critical signs of bacterial wilt on plants marked as such as 
soon as the first symptoms were observed. 

Symptoms were observed at all stages of growth from three weeks 
after setting plants in field. 

On Inoculated Plants .—The symptoms manifested by inoculated 
plants in pots were identical in every respect to those observed under 
field conditions, especially so, in the early stages. Inoculated 
plants, however, seldom were completely destroyed; partial or com¬ 
plete recovery being oftener the case. In many instances, recovered 
plants would exudate the slimy ooze even when cut 10 inches above 
the point of inoculation. 

Brown and sunken longitudinal streaks along the stem were often 
produced by inoculated plants, but this symptom was never observed 
in the field. When these areas are punctured, exudation of ooze 
follows. 

Dwarfing and undeveloped root systems are also pronounced 
symptoms of inoculated plants. 
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Histologic Symptoms 

Bacterial wilt is primarily a disease of the vascular tissues of the 
plant. In tobacco as well as in other suscepts studied, however, the 
pith is nearly always affected and in many cases also the cortex. 

Tranverse sections of affected parts of the roots or stems shows 
the vessels completely occluded with the bacterium. There is a 
pronounced discoloration of the wood which varies in color from red- 
( dish brown to dark brown. Shortly after the cut surfaces are ex¬ 
posed a sticky exudate oozes out of the vessels in tiny droplets which 
rapidly enlarge and coalesce. Both the consistency and the color of 
this ooze varies with individual cases, in some instances being watery 
while in other it is very thick. The color varies from pearl white 
in plants recently infected to a very dark brown in advanced cases, 
although individual droplets from the same stem may differ among 
themselves as to color. 

The pith is nearly always affected and when the attack is severe 
it is rapidly disorganized. As a result the stem collapses, forming 
indentations and twisting around. It is also stained brown, but to 
a lesser degree than the woody tissues. In some cases the bacterium 
invades the cortex forming necrotic areas which enlarge with the 
advance of the infection. The woody tissues, although becoming 
functionless, are not disorganized until invaded by secondary sapro¬ 
phytes. 

Etiology. 

Morphological, cultural and patbogenecity studies establishes the 
organism responsible for bacterial wilt of tobacco in Puerto Rico as 
identical to Bacterium solamacearum E. F. S, (Phytomonas solam - 
cmrvm (E. F. S.) Com. S. A- B.) 

The pathogene is extensively disseminated throughout the island 
and is responsible for a similar disease in other Sqlunaoeous busts 
among which tomato, eggplant, pepper, and potato are the most im¬ 
portant. ’ 

Morfhxhjogical. anp Cultural Oharaqteristics. 

The following characteristics are typical for-the organism under 
discussion : 

Bods, 0.5 p in width, varying in length from 1.0 p to 1.5 p; motile 
by a single polar flagelum (two prepositions stained by Cesares—Gil 
method) which is 3 or 4 times longer than the cell; motility is best 
obseri^ in brothcultures 4ft hours 

, |®S sown temperature (25° p. to 30 * CL). The sells stain well 
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with ordinary anilin dyes but specially so with carbol fuchsin. In 
good preparations a more pronounced staining of the polar regions 
as well as a plain constriction at the center are evident. 

Standard nutrient agar plates begin to show surface colonies in 
from one to two days; in general these are small, circular and 
slightly raised, transparent at first, resembling tiny drops of water 
. on the surface of the agar, changing to whitish when seen by reflected 
light in one to two days, but brownish by transmitted light and 
producing a brown pigmentation which varies in intensity from very 
light to dark brown after a week old, and diffuses into the agar. 
Sub-surface colonies are variously shaped, usually elliptical. 

Nutrient agar and litmus lactose agar slants show a filiform type 
of growth; the agar in the latter case acquiring a more intense blue 
color with age particularly near the region of growth. The streaks 
are semi-liquid during the first few days and run into the condensa¬ 
tion w r ater if kept upright. 

Gelatin stabs show no liquifaction when two weeks old. 

Milk is cleared without precipitation of the casein and the medium 
acquires a bright brownish hue. Litmus milk becomes more intense 
blue with age without precipitating. 

Broth cultures become clouded in 24 hours when a recently 
isolated culture is used; old cultures require a longer time for 
clouding the medium. In a few days a white precipitate is deposited 
at the bottom of the tube and the liquid becomes intensely clouded, 
with or without the formation of a very slight pelicle. As the cul¬ 
tures become old, the supernatant liquid becomes clear and develops 
a color which varies from amber to dark brown. 

Growth on potato slants is at first watery, spreading, whitish or 
yellowish in color, later turning brown and the water becoming 
heavily clouded. 

On Dunham’s solution growth is similar to that of broth cultures. 
No growth has been observed on Cohn’s solution. 

No gas or acid is produced from saccharose, dextrose, glucose, 
maltose, lactose or mannit broths. 

Nitrates are not reduced; indole is not produced. 

Spores have not been observed. The organism is aerobic and 
gram negative. 

The length of time for which the organism remains viable in pure 
cultures is variable; good growth has been obtained from broth 
cultures three months old. Liquid cultures remain viable for a 
longer period than cultures on solid media. 
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The above description of cultural and morphological characters 
corresponds to the ones given by Smith (l.c.), Stanford and Wolf 
(10), Nolla (l.c.) and other investigators elsewhere for B. solan*i- 
cearum E. F. S. 

Inoculations. 

Methods and* Inoculum .—The irregular behavior of plants inocu¬ 
lated with B. solanacearum E. F. S., was first noted by Smith (l.c.) 
and confirmed by practically all investigators on the subject since 
then. Similar difficulties were encountered by the writer. These 
were augmented by the fact that the organism rapidly or immediately 
loses its pathogenic ability when artificially cultured. 

In an effort to obviate these difficulties, several methods were 
tried in the early stages of these studies, two of which were finally 
adopted in conducting inoculations and cross-inoculations with 
marked success. 

Both the aerial and the underground parts of the suseepts were 
inoculated. Except in two or three instances, all inoculations per¬ 
formed above ground failed. They even failed when conditions for 
the development of the organism at the point of inoculation were 
provided. Identical inoculum, when used simultaneously under¬ 
ground, on plants grown alike, would reproduce the symptoms of the 
disease. 

Sub-cultures from poured plates; broth cultures made directly 
from ooze or from sub-cultures; streaks made directly from ooze; 
colonies from poured plates; sub-cultures on potato slants; ooze 
directly from diseased plants, and pieces of diseased wood were used 
as sources of inoculum. Except when ooze or pieces of wood were 
used, the age of each of the various cultures employed varied in 
from 1 to 7 days. Pieces of wood were invariably used the same 
day and ooze was used when not more than 48 hours old. 

Of these, agar streaks made directly, from ooze, pieces of wood 
and pure ooze were the most successful sources of inoculum; the last 
two mentioned giving very consistent results. Nolla (l.c.), pointed 
out that inoculations with ooze scarcely ever failed. 

Symptoms produced by sub culture inoculations no matter on 
which medium grown were usually of a localized nature; there is 
a slight brownish discoloration following the vascular bundles for a 
short distance below and above the point of inoculation or the pith 
was sometimes affected. Critical symptoms, however, were rarely, if 
fyer, obtained* 
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In performing most of the inoculations upon which the conclu¬ 
sions arrived at in this paper are based, the usual procedure was to 
inoculate young, rapidly growing plants in 8-inch pots in sterilized 
soil, about one inch below the surface of the ground, either with 
ooze or with pieces of diseased wood from the same or other suscepts 
studied. The necessary ooze was obtained from roots and stems of 
recently wilted plants in the field. The soil around the stem near 
the surface of the groxmd was carefully removed and the stem washed 
with distilled water at the desired place. A slight injury with the 
end of a sharp scape! so as to pierce the woody cylinder was made 
and the ooze inserted at that point. The soil was then replaced and 
the plants watered once or twice a day until discarded. Checks were 
similarly treated, except that no inoculum was provided. 

When pieces of diseased wood were used, thin slices of the mate¬ 
rial were cut with a sterile razor in such a way that one side of the 
section was thicker than tlie other, and kept in sterile water until 
used. With a sharp scapel, a longitudinal cut was made after pro¬ 
ceeding as above. The end of the scapel was not removed until, 
with a pair of tweezers, the slip of wood, thinner edge first, was in¬ 
serted into the cut. The whole scheme is in the nature of an un¬ 
derground graft. 

These two methods were equally successful, but because of the 
large amount of ooze required when making extensive inoculations, 
the latter was much more convenient. 

Pathogvnfcity .—Tobacco plants inoculated as above from nat¬ 
urally wilted plants developed typical wilt symptoms in from 4 to 
10 days. When resistant varieties were used recovery slowly fol¬ 
lowed these early symptoms; when susceptible varieties were in¬ 
oculated, the symptoms usually terminated in the death of the plants. 

Broth cultures of the inoculum were plated when two days old 
and sub-cultures made. Soon after the symptoms on inoculated 
plants were well defined, the plants were pulled, washed and examined 
fcr the critical sign of infection: exudation of ooze for some distance 
above or below the point of inoculation. Sub-cultures of this ooze 
made as above were then compared with the original ones. In every 
case, they were found to be morphologically and physiologically 
identical. 

Agar plates from broth cultures of the ooze nearly always yielded 
a single type of colony with slight or no contaminations. This is 
particularly the case when fresh ooze from recently wilted plants is 
collected as far up in the stem as possible. Parallel inoculations with 
these typical colonies with few exceptions failed, while those made 
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with ooze were successful. This points to the rapidity with which 
the organism losses its infective powers. Sometimes abundant 
fungus contaminations (Fusarium sp. and Actinomyces sp.) would 
appear in the plates. In these cases, the results obtained from ooze 
or wood inoculations were not considered. 

In all inoculation work done, an average of two checks for every 
10 plants treated were carried. They always failed to show the 
disease. 

Intert,ransmission. 

Nolla (Lc.) has shown that B. solanacearum E. F. S., as occurs 
in Puerto Rico, is intertransmissible to tomato, eggplant, pepper and 
potato. In an effort to establish the pathogenic relationship between 
the tobacco organism and these hosts, over 500 inoculations were 
made, more than one-half of which were successful. The routine 
procedure was to determine first the pathogenicity of the ooze from 
each suscept on itself and then to make direct and reciprocal inocula¬ 
tions between each of the five species under study. 

Sufficient positive reactions were obtained in each case to warrant 
the conclusion that the organism responsible for bacterial wilt of 
tobacco in Puerto Rico is equally pathogenic to the other hosts under 
consideration and they, in turn, are equally pathogenic not only 
among themselves but also to tobacco. 

Varietal Susceptibility. 

Through the courtesy of Dr. R. F. Poole, of the North Carolina 
State College of Agriculture, the writer received seed of three flue 
cured varieties of tobacco: Cash, White Stem Oronoco and Adcock, 
known to be susceptible to bacterial (Granville) wilt. When tested, 
the Adcock seed failed to germinate. 

In the Summer of 1931, 200 plants of each of the Cash and 
Oronoco varieties were grown in a field known to be heavily infested 
witfa*the organism, as demonstrated by the high incidence of infection 
when either tomatoes or susceptible eggplants were grown on it. They 
were planted alternately in 10 rows, 3 ft. apart, 40 plants to a row. 
Hot, rainy weather followed for weeks after transplanting to the field. 
M perfect stand was secured by continued replantings. Notes on in¬ 
cidence of Wilt were taken once a week, as soon as thefirst symptoms * 
Were observed. The results are given in table 1, 

final*? receding any plants showing symptoms as positive, a critical exsmiaa* 
tion for bacterial oxndato was made. s 
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Table I 


INCIDENCE OF WILT ON TWO IMPORTED TOBACCO VARIETIES 


Variety 

Population 

Healthy 

Wilted 

$ Wilted 

Cash. 

200 ; 

87 

113 

56.5 

White Stem Oronoco. 

200 

53 

147 

73.5 



The results demonstrated that these varieties are highly suscep¬ 
tible to the disease under favorable conditions for infection. 

A more extensive trial was conducted in the same field early in 
the Spring of 1932. Besides the above mentioned types, our three 
most popular varieties: Virginia, Ceniza and Utuado, and a vigorous 
variety brought from Colombia in 1929 by Dr. J. A. B. Nolla, were 
included in the test. The same plan of planting as explained in the 
previous trial was followed. The weather was cool and dry at the 
time of planting and remained so for two or three weeks after. In 
consequence, the plants failed to grow rapidly and the symptoms of 
bacterial wilt appeared very late, even at flowering time with the 
early varieties. Symptoms of fungus wilt, however, showed much 
earlier and to such an unexpected extent that it became obvious that 
this factor had to be taken into consideration in analyzing the results. 
These are given in table 2. 


Table II 

INCIDENCE OF FUNGUS AND BACTERIAL WILT ON LOCAL AND IMPORTED 

TOBACCO VARIETIES 


Variety 

Population 

Plants 
infected 
with 
fungus 
wilt * 

Percent 

infected 

with 

fungus 

wilt 

Plants 

infected 

with 

bacterial 

wilt 

Percent 
infected 
with 
bacterial 
wilt from 
total No. 
of plants 

Percent 
infected 
with 
bacterial 
wilt from 
healthy 
plants only 
** 

Virginia... 

180 

39 

21.66 

15 

8.33 

| 10.63 

Utuado. . 

201 

22 

10.95 

18 

8.99 

10.06 

Oeni*a. 

202 

65 

32.12 

13 

6.43 

9.48 

Cash. 

201 

98 

48.75 

23 

11.44 

22.33 

Oronoco. 

204 

! 63 

30.88 

46 

22.54 

32.62 

Ambalema. 

212 

33 

15.56 

30 

14.15 

16.75 


* Rhizoctonia solani Khun and Phytophthora parasitica var. nicotianae Tucker. 

** The per cent of bacterial wilt from healthy plants only, i.e., from those remaining after deduct¬ 
ing the ones Infected with fungus wilt. 

The writer is inclined to consider the percentage obtained in the 
last column as a more accurate estimate of the true incidence of in¬ 
fection for each variety under the conditions of the experiment be¬ 
cause the early invasion of plants attacked with fungus pathogenes 
prevented the infection with B. solanacearwm, which, as stated, de¬ 
veloped much later in this particular trial. Furthermore, not a 
single plant attacked with fungus wilt was found to be also infected 
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with bacterial wilt, when such a condition ought to have been pos¬ 
sible had every plant had an equal chance of infection with the 
bacterial pathogene. 

The results show that tobacco varieties exhibit a wide range of 
susceptibility to the disease and that, even under conditions of high 
soil infestation, our standard varieties are highly resistant to the dis¬ 
ease. The Ambalema is less so and the North Carolina varieties 
very susceptible. Furthermore, our standard varieties, although ex¬ 
hibiting unmistakable signs and symptoms of the malady, were able 
in practically every case, to recover rapidly without any appreciable 
loss and the same is true, although to a lesser extend, of the Ambalema. 
Both the Cash and White Stem Oronoco varieties presented not only 
more severe symptoms of a progressive nature, but in the majority of 
cases every diseased plant was an actual loss. 

With repect to the two last-mentioned varieties, the results are 
in harmony with those presented in table 1. The fact is also brought 
out that the disease is much more severe during hot, rainy weather 
than during the cool, semi-dry season. Because tobacco is grown in 
Puerto Rico under the last mentioned conditions another reason for 
the rare occurrence of the disease in commercial plantings in 
presented. 

Discussion. 

The systematic position of the organism responsible for bacterial 
wilt of tomato, eggplant, pepper and potato in Puerto Rico has been 
repeatedly questioned, because although morphologically and physi¬ 
ologically similar to B. solanacearum E. F. S., it has been found un¬ 
able to infect tobacco under natural conditions or when artificially 
inoculated. In the Summer of 1931, the writer found a natural case 
cf wilt in tobacco exhibiting symptoms very similar to the so-called 
Granville Wilt in the United States. Cultural studies of the organ¬ 
ism involved identified it as similar to the ones isolated from other 
known suscept Extensive direct and cross-inoculations with the 
exudate characteristic of the disease established its pathogenecity and 
intertransmission. Agar plates of this exudate yielded either pure 
cultures of an organism morphologically and physiologically identical 
with B. solanacearum E. F. S. or mixed colonies from which the 
organism was readily isolated. In the light of these results and of 
previous studies of Smith (l.c.) and Nolla (l.c.) when studying 
Puerto Rican material, it is concluded that B. solanacearum as occurs 
in Puerto Rico is identical to B. solanacearum as described by Dr. 
Edwin F. Smith. 
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The life history of the organism and suitable control measures 
were not included as a part of these studies because these phases of 
the problem have been adequately treated by other investigators here 
and elsewhere. The writer is of the opinion, however, that invasion 
of tobacco under our conditions very seldom, if ever, takes place 
through the aerial parts of the plant, but through the underground 
parts. In hundreds of wilted plants examined, the advance of the 
infection could always be traced from the roots towards the stem 
and never in the opposite direction. Aerial inoculations on peppers, 
however, have been successful. 

Rotation of crops as a mean of control seems to have very limited, 
if any, possibilities. In fact, the first case of tobacco wilt was found 
in a field which has been growing sugar cane for many years. A 
field test of four varieties of tomatoes in a’field not planted with any 
Solanaceous crop for at least 15 years, was a complete failure because 
more than 40 per cent of the plants were killed by the disease. 

Breeding for resistance is, undoubtedly, the most promising con¬ 
trol measure. Nolla (l.c.) found some varieties of eggplant and 
pepper highly resistant to the malady. Under our conditions the 
variety of potato Red Bliss Triumph is very susceptible while the 
Irish Cobbler, when grown under similar conditions, is very resistant. 
Tobacco varieties have shown a wide range of resistance. It is only 
in tomatoes that a resistant variety has not been found. 
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Expbanation of Plates. 

Plate I.—Two nutrient agar plates using different dilutions from 
a broth culture made directly from tobacco ooze. Only typical 
colonies of B. solanaccarum developed. This ooze was used to 
inoculate plants shown on plate II. 

Plate II. — Upper: Plants of the “Ceniza” variety artificially in¬ 
oculated with bacterial ooze from wilted tobacco plants, photo¬ 
graphed 10 days after the inoculation. Plants at left and right 
are showing typical symptoms. Middle plant, check. 

Lower: Same as above using plants of “TTtuado” variety. 

I lat^e III.—At left naturally wilted plant and at right healthy plant 
of the imported variety “Cash”. 
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CONCERNING THE ORIGIN OF THE WHITE QUARTZ SANDS 
OF NORTHERN PUERTO RICO 

By James Thorp ami Leslie Rockwell Smith ' 

U. S. Dept, of Agriculture, Bureau of Chemistry and Soils, Washington, D. C. 

There are numerous deposits of white quartz sands of varying 
depths which are distributed in belts and spots from a few miles 
southeast of San Juan to a point about 4 miles southeast of Que- 
bradillas. The largest deposits occur between San Juan and Manati. 
Nearly every scientist who has observed these sand deposits has con¬ 
jectured as to their origin and several have offered tentative theories. 
Most writers have merely mentioned them without attempting to of¬ 
fer an explanation of how they were accumulated. 

The writers had the opportunity to study these white sands in 
great detail while making a soil survey of the districts in which they 
occur in abundance. We herewith submit our findings and we be¬ 
lieve that we have been able to explain, at least in part, the methods, 
and forces which have caused the accumulation of these deposits. 

For the benefit of those unfamiliar with these sands a brief de¬ 
scription of them and their environment is in order. The 4 4 white 
sand” deposits consist of white or gray quartz sands which vary in 
depth from a “smear” of a few inches to dune-like deposits 15 feet 
or more in thickness. 2 Usually the surface six or eight inches of 
these sandy areas will be light gray colored while the subsoil will 
be nearly white. In many places the water table is reached at from 
20 to 50 or more inches depth, in these places the white sands are 

1 The authors are indebted to the Director of the Insular Experiment Station, Mr. F. A. 
Ldpez-Domfnguez and assistants Messrs. Jorge Landrdn and David Rodriguez for their help¬ 
ful tooperation in the prosecution of the soil survey of the north coast which furnished the 
basis for much of the contents of this paper. We are also greatly indebted to Dr. N. L. 
Britton of the New York Botannical Garden, Chancellor Carlos E. Charddn of the University 
of Puerto Rico, and Dr. H. A. Mcyerhoff of Smith College for valuable suggestions. Dr. 0. 
F. Marbut, Chief, and Mr. Mark Baldwin, Inspector, of the Bureau of Chemistry and Soil* 
furnished valuable criticism and suggestions which have greatly added to the value of the 
paper. Messrs. Ray C. Roberts and A. T. Sweet, of the U. S. Bureau of Chemistry and 
Soils; and Messrs. Juan Zalduondo and Fernando A. Villamil of the Insular Experiment 
Station furnished soil maps of the San Juan district which were of great use in studying 
the distribution of white sands in that region. 

2 Cook and Gleason (8) in their “Ecological Survey of Puerto Rico”, published in the 
July, 1928, issue of the Journal of the Department of Agriculture of Pprto Rico, describe 
the white sands in part as follows: “Tho soil is composed of white, ealedreous (italics ours) 
sands of unknown depth.” As a matter of fact these white sands are practically pure 
quartz and their acid reaction demonstrates that they are distinctly non-calcareous. Pos¬ 
sibly the sands were confused with nearby shell sands which are highly calcareous. It is 
commonly believed among the farmers of the northern coastal region that these sandB consist 
of limestone grains. 
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underlain by a heavy, columnar and highly acid clay which is ex¬ 
ceedingly difficult to penetrate with digging tools. This clay is usu¬ 
ally gray in color with streaks and blotches of bright red or yellow 
or both. The thickness of the clay varies and is known to be more 
than 15 feet deep in places. The cracks and root holes are usually 
lined with white leached clay (probably kaolin). The sand, where 
it contacts the clay, is usually stained dark brown or dark gray and 
is often cemented into a “hardpan”. Superficial observation would 
lead one to believe that this cementing material consists of iron oxides 
(limonite) but if the “hardpan” is ignited the dark color disap¬ 
pears and leaves a white or sometimes a pale yellow sand. It is evi¬ 
dent, therefore, that the cement is of organic material. In a few 
places it was observed that the hardpan layer was partly of iron and 
partly of organic material. When the hardpan from these latter 
places is ignited the organic part of the cement burns out and the 
residue, owing to the effect of iron oxide, assumes a light red or 
or pinkish color. 

The underlying clay material, when it is exposed in a ditch bank 
or road cut, exhibits a strong tendency to form vertical columns. 
These columns break up into well defined prisms of varying sizes 
which are very hard when dry and exceedingly stiff and resistant 
to pressure when moist. In the wet condition a good degree of plas¬ 
ticity develops. 

There are many places where the white sands lie on knolls or on 
gently sloping hillsides and a few places where the slope is quite 
steep. At first sight one would expect that the natural drainage 
would be good or even excessive in these places. This is frequently 
true but in many apparently well drained areas there is a heavy, 
tight clay like that described above which holds up the descending 
waters after rains and causes the lower layer of white sands to be 
wet much of the time. In these places, just as in those described in 
the foregoing an organic hardpan forms. The places where the 
white sands have good subdrainage do not have well developed or¬ 
ganic hardpans and in some places even dark organic stains are 
backing. 

Where the white sands are deep they tend to blow up into low 
dunes and to spread out into layers of varying thickness over adjacent 
soils* In places where the latter has occurred one does not, of course, 
find the normal profile development. 

All of the sands observed occur within the belt of land where 
the Tertiary liinestone forms the bedrock. Britton (1), Charddn 
and others have suggested that these sands may be the residuum left 
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from the weathering of these limestones. There is much evidence 
to support this hypothesis. The Tertiary limestones have been weath¬ 
ered in a manner peculiar to the tropical regions. Except for small 
areas where the large rivers have cut their way through from the 
interior of the island, surface alluvial erosion is negligible. Under¬ 
ground streams remove most of the water which falls on the Tertiaiy 
limestones and these streams are fed by water which seeps down 
through the porous limestone and sinkholes. Differential solution of 
the limestones has led to the formation of myriads of “solution val¬ 
leys” and intervening “mogotes”, “pepino” (cucumber), or “hay¬ 
stack” hills. These “haystack” hills are closely spaced in places and 
in other places stand out in isolated groups or in rows in the larger 
open valleys. 

Where the white sands occur in “solution valleys” which are 
entirely surrounded by high hills there is no other probable source 
for them than the limestone itself. There seems to be little if any 
doubt that this is the case. The writers, with this in mind, made a 
large number of observations to see whether the limestones contained 
quartz sand in sufficient quantities to account, not only for the white 
sands but also for the sands which occur in the valley soils which 
are red, brown, or yellow in color. It was found that there are many 
layers of limestone which contain more or less sand and there are 
a few thin interstratified layers of clays and sands which contain 
little or no lime. Dr. Britton (1) once observed sandy layers in the 
limestones near San Juan and our more extensive observations have 
confirmed his findings. Places where these sandy layers may be easily 
observed are in the vicinity of Almirante; six miles southwest of 
Arecibo on the Lares road; 4 and miles southeast of Hatillo; and 
on the Camuy River trail 5 and % miles southeast of Camuy, 300 
yards before the river is reached. In the latter place there is a 3 
or 4 foot thickness of limestone which, perhaps, contains as much as 
30 per cent of quartz sands. A sample of decayed limestone from 
4 and % miles southeast of Hatillo was examined by Pry of the U. S. 
Bureau of Chemistry and Soils and he estimated that it contained 
25 per cent of quartz sand. The sandiest soils of limestone deriva¬ 
tion and the areas of white sand were observed in the localities where 
it was definitely determined that the limestones contained apprecia¬ 
ble quantities of sand. This is by far the most plausible explana¬ 
tion of the origin of the white (and other) sands of the localities 
which are remote from the seacoast. The dissolving of great thick¬ 
ness of these limestones would readily account for the accumulation 
of sands in the “solution valleys”. It might be observed in passing 
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that the sandy limestones occur in the transition zone between the 
youngest of the Tertiary beds and the second youngest. These dif¬ 
ferent divisions have been described by Hubbard (5), Meyerhoff (9) 
and others. Meyerhoff 8 suggests the possibility of artesian springs 
bringing up the sands from underground, but we observed no place 
where this would seem to be a plausible explanation. 

The largest beds of white sands occur fairly near the seacoast at 
distances varying from % mile to 2 and % miles. The limestone 
hills between them and the ocean are often quite low and rounded 
and in many places it seems quite possible that sands from the beaches 
may have been blown over the hills by the prevailing northeast trade 
winds. One of the largest deposits occurs 1 and % miles south¬ 
west of Areeibo. In this place the sands occur intermittently over 
a large U-shaped area the two arms of which extend in a west-south¬ 
west direction. Over most of this area the sands lie on a nearly 
common level and comprise flattish bench-like deposits. Numerous 
deep sinkholes indent this flattish area and it is surrounded by low- 
lying, rounded limestone hills. A few of the white sands in this 
district are on the tops of low rounded knolls and above the average 
level of the main body. The sands of the northern arm and east¬ 
ern end of this area grade into acid brown sands which are fre¬ 
quently underlain by heavy clay subsoils similar to those under the 
white sands. Several large areas of the brown sands have a sandy 
iron hardpan layer between the soil proper and the subsoil. These 
acid brown sands, in turn, grade into alkaline brown quartz sandy 
soils as the coast is approached. These latter sands are without doubt 
largely derived from the disintegration of the San Juan consolidated 
sand dunes the sands of which are being broken apart by the waves 
on the seacoast and spread inland by the trade winds. It should be 
remarked for the benefit, of those not familiar with the San Juan 
sand dunes that they were originally piled up by the trade winds 
on a bar near the shore and have subsequently been cemented by 
lime. This cement was very probably formed by a deposition of 
limG which resulted from the evaporation of sea spray. Some of 
the lime may also have come from the solution and redeposition of 
the lime of sea shell fragments. Probably the acid brown sands which 
are farther inland than the alkaline sands were largely derived from 
the sands which have spread inland from the coast through the agency 
of wind. They are acid because the leaching of the lime in them 

® In £931—32, Dr, H, A. Meyerhoff of Smith College, delivered a series of lectures at 
the University of Puerto Rico. These lectures are to appear in book form at an early date- 
hud their author very kindly permitted us to read the manuscript. 
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has exceeded the rate at which the limy material from the coastal 
sands has been supplied. At the present time there is very little 
transportation of material taking place because of the fact that grasses 
and bushes are holding the sand in place. 

It may be readily surmised from the above that at least a part 
of the white sands near Areeibo have been derived from brown sands 
which have been blown inland from the coast. The present pale 
gray or white color is due to excessive acid leaching by ordinary soil 
forming processes. These processes will be discussed later in greater 
detail. 

Another possible explanation of the presence of a large body of 
White and gray sands near Areeibo is that there may have been an 
old lake, swamp or estuary in this locality and the sands may have 
been deposited along its shores or on the bottom. A deposit of white 
sands now borders Laguna Tortuguero farther to the east. The 
great thickness of heavy mottled clay under the white sands lends 
credence to this theory. Another evidence to lend support to the 
theory of an old estuarine or lake deposition is the fact that it is 
well known that the coast line between Areeibo and Aguadilla has 
been much lower in the past. High wave-cut terraces are to be dis¬ 
cussed in Me.yerhoff’s “Geology of the Areeibo District’’ so we shall 
not discuss them further here. 

In many places between Manat! and San Juan the deposits of 
sand are very deep and in many of these places there is unquestiona¬ 
ble evidence that they have been reworked by the wind since original 
deposition. 

Between San Juan and Carolina there are deposits of white sands 
surrounding swampy and mucky areas where the evidence seems to 
be ip favor of lagoon shore deposition. Granting the idea of some 
of the sands having been old beaches we still may be permitted to 
wonder from whence the sands were originally derived. We may 
still logically suppose that a fair share of them came from the dis¬ 
solution of the Tertiary limestones and perhaps a part of them from 
the weathering of the nearby San Juan formation. If we must go 
back to first beginnings the quartz grains doubtless came from the 
weathering of granites and other siliceous rocks of the “oldlands” 
of the interior. The rivers carried the sands down and the waves 
and currents spread them out over the Tertiary sea when the lime¬ 
stone strata were being built up. 

Up to the present point in our discussion we have devoted our 
remarks almost entirely to the explanation of the different probable 
sources of the white sands with scarcely any mention of why they 
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are white instead of brown, yellow or red like the other sands with 
which they are closely associated. The answer to the latter question 
is one "which may be best referred to soil science. Soils quite similar 
to the white sands of Puerto Rico occur abundantly in the south¬ 
eastern coastal plains of the United States. They are especially 
abundant near the Atlantic seacoast in Georgia and Florida but oc¬ 
cur in scattered localities somewhat farther north than Lakewood, 
New Jersey. The areas of white sands in Puerto Rico which have a 
high water table are very much like the Leon and related sands of 
the coastal plains of Georgia and Florida, while the deeper sands 
are much like the St. Lucie soils of Florida. The shallower types, 
which are well drained, resemble the Lakewood sands which are dis¬ 
tributed from New Jersey well into the southern states. Hearn (4) 
estimates that there is a total area of about 4 or 5 million acres of 
the Leon sand alone. This is about twice the total area of Puerto 
Rico. The Lakewood and St. Lucie soils in their turn occupy a tre¬ 
mendous additional area. Cobb (2) observed similar sands in France 
and Bennett found a few areas of Leon sands in Nicaragua. It should 
be plainly understood at this point that there are several minor points 
of difference between the different types of white sands in Puerto 
Rico and the similar types on the United States mainland. We can¬ 
not, therefore, call them by the same names. Soils of the Le6n series 
are characterized by a dark gray, strongly acid, sandy surface about 
4 inches thick, about 18 inches of white quartz sand and a 10 inch 
organic hardpan just above the water table which occurs at about 
32 inches from the surface. Beneath the hardpan there is normally 
a loose wet yellowish sand to considerable depths. In some places, 
however, the hardpan is underlain by a stiff mottled clay just like 
the clay layer underlying much of the Puerto Rico white sands. The 
deeper white sand deposits of Puerto Rico more closely resemble the 
St. Lucie sand of Florida which consists mainly of a loose, white 
quartz sand to great depths. This sand also has an organic hard- 
pan or at least,streaks of dark organic matter at or near the water 
t&bledevel if the latter occurs within the sand itself. It may be easily 
seen from the foregoing that white sands similar to the sands of 
Puerto Rico are very well known indeed in other parts of the world. 

The general processes by which soils of this type are formed are 
well known. Marbut (6) speaks of the Leon sands as “ground wa¬ 
ter podzols” and of the Lakewood sands as true podzols. Typical 
podzols or “ashy gray” soils are formed in well drained areas under 
a humid climate and usually under a conifer forest cover. They are 
characterized by a surface mulch of semi-decayed organic debris such 
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as pine needles, leaves, rotten wood, etc.; an ashy gray or nearly 
white “leached horizon''; a B-horizon or accumulated iron, clay 
and organic matter and the underlying parent rock. “Ground wa¬ 
ter /podzols", such as the poorly subdrained types of white sands in 
Puerto Rico, usually occur only where the parent materials are orig¬ 
inally very sandy and where the water table is relatively high, or in 
other Words, where subdrainage is very poor. Until quite recently 
it has been believed by most soil scientists that true podzols can be 
formed only in a cool temperate region but Marbut (6) has shown 
that the Lakewood sand is a true podzol and it extends well into 
the warm temperate regions of the south. It is significant, however, 
that only the very leachy sandy soils have thus far been proved to 
form typical podzols outside of cool temperate regions. True podzols 
derived from heavier materials, have been thought to be confined 
largely, if not entirely, to humid cool temperate regions, either in 
high latitudes or at high altitudes in low latitudes. Abundant evi¬ 
dence of podzolization in many parts of Puerto Rico from sea level 
to 3,000 or more feet above the sea, have proved that the process is 
active here and it is possible that small areas of true podzols from 
heavier materials than sands may be discovered. A bit of evidence 
along this line will be discussed later in this paper. 

Probably much more than half of the white sands of Puerto Rico 
are “ground water podzols". Hearn (4) in a paper read before 
the eleventh annual meeting of the American Soil Survey Associa¬ 
tion, November, 1930, has given a good review of the formation of 
the Leon type of soil profile, which so closely resembles the ground 
water podzols of Puerto Rico. He laid special emphasis on the for¬ 
mation of the organic hardpan, which, before analyses were made, 
was thought to consist of oxides of iron. Briefly, the original mate¬ 
rial is very sandy and contains only very small percentages of silts 
and clays. The silts and clays are removed by the downward per¬ 
colation of meteoric waters. This process is known as “eluviation" 
and it is aided and hastened by the colloidal organic acids produced 
by the decay of plant remains. These acids act as solvents for col¬ 
loidal iron stains which lend ordinary quartz sands a red, yellow 
or brown coloration, with the ultimate effect of bleaching the sands 
white. Colloidal organic matter is formed by the work of bacteria 
utfhich cause the decay of dead roots and leaves of plants in the soil 
proper. Much of this material is precipitated at the level of ground 
water forming the organic hardpan. The mass of hardpan is greatly 
increased by the presence of plant roots which accumulate at the level 
of ground water. In the southeastern states one of the commonest 
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plants is the sawtooth palmetto and its roots have been observed to 
be concentrated in the hardpan. On some of the white sands of 
Puerto Rico the corozo palm is quite common and it is quite possi¬ 
ble that its roots, as well as those of other plants, have contributed 
to the hardpan. 

We may then offer the following suggestions as to the formation 
of the poorly drained white sands of Puerto Rico. First we start 
with a soil material which contains a very high to fairly high per¬ 
centage of silica sands. This sandy soil will lie in a fairly flat posi¬ 
tion and must either contain an impervious layer beneath or must 
contain material which may later be used by the soil forming pro¬ 
cesses to cause conditions of poor drainage. Poor drainage may, of 
course, also be caused by a high water table which has been brought 
about by proximity to sea or lake level. There must be some vegeta¬ 
tion to furnish organic material to be used by the soil in forming 
acids, and there must finally be a humid climate to furnish the nec¬ 
essary leaching waters. 

In the case of the largest deposits of the sands the original ma¬ 
terial seems to have been derived partially as a residuum from dis¬ 
solved slightly arenaceous limestones and partly a subaerial accumu¬ 
lation of sands which have been carried inland from the wave-shat¬ 
tered San Juan sandstone formation. There is some evidence that 
some of these sands are littoral deposits which have remained after 
a slight withdrawal of water of the sea and lagoons in recent geolog¬ 
ical times. It seems almost certain that these larger deposits of 
sandy materials were locally transported by wind or water or both 
and deposited on the gray clays of lowlands possibly formerly oc¬ 
cupied by lagoons, estuaries or sinkhole ponds. This gray clay fur¬ 
nished the necessary conditions of poor drainage. Vegetation oc¬ 
cupied the soil and the leaching of the minor amounts of silts and 
colloidal materials proceeded at a rapid rate. In many places, typ¬ 
ically a short distance southwest of Arecibo, there is a regular transi¬ 
tion from highly leached white sands, through gray-brown acid sands 
to alkaline sands, proceeding toward the seacoast. All of the white 
sands are far enough from the sea to be almost entirely unaffected 
by the spray from the breaking waves which are piled up by the 
trade winds. Soils in this district so affected are universally alka¬ 
line in reaction. In such a leaching process any soluble salts disap¬ 
pear first, then the less soluble calcium carbonate and finally, after 
the decaying organic matter lends an acid condition to the soil, the 
other soil, pigments, are dissolved and carried out by the ground wa¬ 
ter. The poor drainage causes the iron to be reduced to the fer- 
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rous state which makes it much more soluble. In places where the 
parent sands contain larger amounts of iron and alumina than nor¬ 
mal these materials are mixed with the hardpan. 

The above description of the formation of white sands covers a 
very large total area of these soils. Many places having apparent 
good drainage, if one were to judge by surface appearances, in real¬ 
ity have a fairly high water table which usually lies just above the 
heavy clay layer. It is probable that most or all of the sands of 
these places should be classed as ground water podzols. There are 
many other places, however, where subdrainage as well as surface 
drainage is sufficiently good to throw the white sands into the class 
of true podzols which form only under normally good drainage con¬ 
ditions. Until very recently it had been considered by most soil 
scientists that it is very improbable that true podzols would be found 
in tropical lowlands. Marbut 4 and Affanassief and others have 
found evidences of podzolization in the tropical lowlands and they 
have predicted the possibility of the existence of true podzols in 
this position. We are unaware of such podzols having actually been 
found in tropical lowlands until last year when the white sands of 
Puerto Kico were thoroughly studied in the field. From a morpho¬ 
logical standpoint the well drained white sands which we shall briefly 
describe below are unquestionably true podzols in the same sense 
that the Lakewood sands of New Jersey are true podzols. We fully 
expect that, chemical analyses will confirm the morphological iden¬ 
tification. 

If the process of true podzolization is to account for the forma¬ 
tion of the well subdrained areas of white sands it would be reason¬ 
able to suppose that the same types of deposit might be formed from 
different materials with different thicknesses of the product and with 
a large number of gradations between the typical white sands and 
other soils with which they are associated. One type of such grada¬ 
tion has already been mentioned. In those deposits occurring well 
within the limestone hills and several miles distant from the seacoast 
one of the commonest associations of white sands is with a group of 
soils known provisionally as the Vega Alta series. This series of 
soils has grayish brown surface soils with compact but moderately 
Well drained, coarsely mottled red, yellow and gray subsoils, the 
former two colors predominating. The heavier types of this series, 
such as the clay and clay loam are more brown than gray in the sur¬ 
face but the sandier types become grayer with the increase in the 
percentage of sand present. In many cases the soil surveyor is puz¬ 
zled as to whether to group these grayer sandier types of soils with 
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the Vega Alta series or with the shallower types of the white sand 
group. With the graying of the surface horizon there is sometimes 
a tendency for the subsoil to become more poorly drained. This 
change in the drainage conditions seems to have been brought about 
by the eluviation-illuviation process. The clays and colloids have 
been eluviated from the surface by meteoric waters and deposited in 
the interstices of the subsoil forming a layer of illuviation. This 
process slows up drainage and may in many cases ultimately result 
in the formation of a temporary shallow water table at which an 
organic hardpan begins to form. This gives rise to the ultimate 
formation of the ground water podzol type of white sand. On the 
other hand there are many places where the subsoil retains suffi¬ 
ciently good drainage to take care of the meteoric waters. One such 
area lies some distance south of Sabana Hoyo far within the lime¬ 
stone hills in association with soils of the Vega Alta series. It has 
the grayish white surface and white upper subsoil but lacks the or¬ 
ganic hardpan. The underlying clay is typical of the Vega Alta 
series of soils and is therefore well drained. The upper subsoil, as 
in the case of the Vega Alta soils, has accumulations of iron and 
alumina in addition to small amounts of colloidal organic matter. 
The area occurs on the top of a sharp knoll and is unquestionably a 
typical sandy podzol. There are several small areas like this one 
southwest of Arecibo and scattered elsewhere throughout the north¬ 
ern coastal region in association with ground water podzols. Grada¬ 
tions between true podzols and the sandier types of the red Bayamdn 
and Espinosa soil series are quite common. These red soils also 
grade into the ground water podzols. The very deep areas of white 
sands usually are more or less piled up by the trade winds and since 
they are so loose and dry in their upper horizons it is frequently 
impossible to determine whether they have water in the lower hori¬ 
zons and whether they have developed organic hardpans. It is al¬ 
together probable that part of these deep areas belong to the true 
sandy podzols and part to the ground water podzols. From the 
standpoint of agriculture or of commercial use of the sands this 
problem has no bearing. It is a matter of purely scientific interest. 

While we are discussing the sandy podzols it might be of interest 
to add a further word regarding podzolization in Puerto Rico. A 
very large total area of soils in the lowlands as well as in the high¬ 
lands exhibit strong morphological evidences of this process. Many 
of these areas are of the heavier type of materials such as silts, sandy 
elfiytf ahu perhaps days in places. An extreme example of such soils 
recently observed on a low hill near the new pier at Mayagnez 



ORIGIN OF THE WHITE QUARTZ SANDS OF NORTHERN P. R. 167 


is a silt loam with most of the morphological characteristics of a 
true podzol. We can at least be safe in saying that it is a very 
strongly podzolized soil. Rainfall is about 80 inches per annum and 
natural drainage is good. A description in outline form follows. 
It should be noted that the land has been cleared so that the original 
leaf mould has been destroyed. 


Horizon Depth 

Ai 0" — 4" 

A 2 4" — 10" 
B 10" — 30" 

C 30" down. 


Description 

Light brownish gray silt loam when dry. Pale 
yellowish brown when wet. Medium gran¬ 
ular structure. 

When dry grayish white; when wet pale yel¬ 
low floury silt loam. No evident structure. 

Heavy reddish brown and yellowish brown 
clay containing many tuff and shale frag¬ 
ments. Very stiff when moist. All surfaces 
of cleavage planes are light gray and silty 
and gray silt follows root channels. 

Loose subangular gravels of tuffs, shale and 
cherty fragments. Possibly an old terrace 
remnant or elevated beach line. 


This area is very small but we believe it to be a significant evi¬ 
dence of the progress of podzolization at low elevations in the tropics. 
It is of interest to know that this highly podzolized soil occurs within 
two miles of the largest body of typical ferruginous laterite in Puerto 
Rico. A number of other places having very similar soils have been 
observed and it is hoped they may be discussed more fully in a later 
contribution. We return to the white sands after this short digres¬ 
sion. 

These white sands in their present position must be considered as 
very recent deposits from the standpoint of geology. They are cer¬ 
tainly younger than the San Juan formation since in no place ob¬ 
served do the San Juan sandstones overlap them. Recent as they 
are geologically, they are quite old from the soils standpoint. The 
age of a soil is not measured by the number of years since the weath¬ 
ering forces first started working on its parent material but by the 
degree of leaching and eluviation which have taken place. An old 
soil is one in which leaching and eluviation are far advanced. In 
the case of sands this can takte place in a much shorter time than 
with soils of heavier texture or with those which are high in lime. 
It is certain that these “old soils” (the white sands) are younger 
in years than many of the “young soils” of Puerto Rico many of 
which are so highly valued by the farmers. 
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It is interesting to notice that there are no white quartz sands 
west of the Rio Guajataca, at least not in the north coastal belt. 
There are plenty of brown quartz sands which would theoretically 
be capable of weathering into the white variety but this weathering 
has not taken place. There is a good reason for this. The rainfall 
from Camuy to the northwestern corner of the island averages con¬ 
siderably less than 60 inches per annum. A rainfall of 55 inches in 
Puerto Rico is approximately the dividing line between a humid and 
a Semi-arid climate. Such a rainfall in this part of the tropics might 
at least be designated as sub-humid. The formation of large areas 
of white quartz sand requires the leaching effects which can be pro¬ 
duced only by a humid climate, hence the disappearing of these de¬ 
posits in the northwestern part of the island. 

A few miles southeast of Humacao large quantities of loose, fine 
quartz sands and gravels have been washed from nearby quartz- 
diorite hills and deposited on the sea level estuarine clays of the Rio 
Candelero delta. These very recent deposits have already begun to 
show signs of leaching under the influence of a heavy rainfall and 
poor underdrainage. The sands and gravels are changing from 
brown and yellowish brown to a pale yellowish color. Incipient or¬ 
ganic and iron deposits near the level of ground water prognosticate 
a future development of hardpan similar to that in some of the white 
sands we have been discussing. The entire island has not yet been 
covered in detail and it is reasonably possible that very small depos¬ 
its of white or gray sands somewhat similar to those of the north 
coast will be found in the humid regions which have not been thor¬ 
oughly explored. 


SUMMARY 

The origin of the large deposits of almost pure white quartz sands 
which occur within the area occupied by the Tertiary limestones of 
northern Puerto Rico have long been a source of puzzlement to geol¬ 
ogists. The largest areas occur within a mile or so of the seacoast 
in association with Tertiary deposits but are unconformable with 
them. Many of them are found in association with the remnants of 
lagoons which were cut off from the sea by the San Juan formation. 
Some deposits are also in fairly close association with the latter for¬ 
mation in some places. Smaller areas occur well within the lime¬ 
stone hills. ‘ ! 

Examinations of limestone outcrops and of residual soils within 
the limestone hills indicate that a large amount of sand originally 
came from the solution of layers of impure limestone which formerly 
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overlay the district. It is altogether probable that some of the sands 
have been blown inland from the broken up San Juan formation 
and later leached of their lime. There is some evidence to support 
the theory that some of these sands may have been left in or near 
their present position along the shore of former lagoons which have 
since been drained by a slight emergence of the coast. There is but 
little question but that the smaller deposits several miles inland and 
well within the limestone hills are the residuum left from the dis¬ 
solution of the limestones. 

The whiteness and purity of the sands are due to the soil form¬ 
ing process known as podzolization (acid leaching and eluviation) 
which in this case has taken place largely under conditions of high 
rainfall and poor subdrainage and to a less extent under well drained 
conditions. Some of the deeper deposits which are now well drained 
have been more or less piled up by the winds since they were bleached. 
We can therefore state with reasonable assurance that the quartz 
sands have come from the various sources above mentioned but that 
they are white because of a high degree of “podzolic’’ leaching 
which has affected them since they accumulated. Millions of acres 
of similar soils which have been carefully studied by soil scientists 
in the southeastern United States have furnished the evidence for 
this explanation of the origin of Puerto Rico’s white sand deposits. 
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Explanation of Plates 

PLATE IV 

Figure 1. Area of white sand southwest of Arecibo. Vegetation con¬ 
sists of second growth of icaco (Chrysobalcmw ioaco L.) 
and pajuil or cashew-nut (Anacardium occidentale L.) 
Young cocoanut trees grow very slowly on these infertile 
sands. 

Figure 2. Upper part of profile of white sand. Grayish surface soil 
slumped into pit at left center. White horizon shows 
plainly just under plant roots at extreme left. 

PLATE V 

Figure 1. Shows heavy sandy clay which underlies many of the areas 
of white sands. Light colored vertical and horizontal 
streaks are white kaolin. Dark colored layer above is 
organic hardpan. 

Figure 2. Highly podzolized soil profile about 4 miles south of Hu- 
macao. Soil is derived from quartz diorite and occurs 
near a hill top. Drainage good. Note strong develop¬ 
ment of whitish A 2 horizon just above heavy B horizon 
at center of photograph. Profile similar to the one de¬ 
scribed from Mayaguez and represents same soil-forming 
process which caused the formation of the white sands. 
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PLATE V. 










PUERTO RICO SEEDLESS ORANGE SELECTIONS 

By A. D. Shamel, 

Principal Physiologist, Horticultural Crops and Diseases, Bureau of Plant Indus¬ 
try, U. 8. Department of Agriculture, and 
E. H. Twight, 

Specialist in Fruits, Insular Experiment Station, Department of Agriculture, 

Puerto Bico 

During the months of August and September, 1928, the senior 
writer visited the principal fruit-growing districts of Puerto Rico 
in order to study the varieties of citrus fruits grown and to intro¬ 
duce improved methods for the propagation of selected strains of 
the commercial citrus fruits. This visit was made in response to an 
invitation by the Commissioner of Agriculture and Labor of Puerto 
Rico and with the cooperation of the Bureau of Plant Industry of 
the U. S. Department of Agriculture. The selection and propaga¬ 
tion study of citrus problems was cut short by a severe hurricane 
that occurred on September 13 and 14 but important information 
had been obtained before the terrific storm known locally as the San 
Felipe hurricane, interrupted the investigation. During the search 
for a superior orange amongst the so-called “wild” or seedling trees 
an outstanding tree bearing seedless oranges of apparent commercial 
value was discovered and propagated. This report will contain an 
account of the discovery and the description of the characteristics 
of this tree and its fruit and of three others that were found and 
propagated subsequently. 

Discovery of Seedless Orange 

Upon his arrival at San Juan, Puerto Rico, in August, 1928, the 
senior writer met with Hon. C. E. Chardon, then Commissioner of 
Agriculture and Labor, at his office in the Insular Experiment Sta¬ 
tion at Rio Piedras, in order to decide upon a plan for investigating 
citrus-bud-selection problems. At this meeting the senior writer 
proposed amongst other things a systematic search for superior orange 
trees, particularly amongst title plantings of the so-called “wild 1 ’ 
orange trees that are located on various coffee plantations of the 
hill districts and in the gardens of Puerto Ricans, many of whom 
hatfe shown a spedal interest in the planting and study of orange 
varieties. / ^ / 
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During a previous visit to Puerto Rico, in 1905, the senior writer 
has been impressed by the marked variation in the commercial qual¬ 
ity of the Puerto Rican oranges that came under his observation at 
that time. This experience together with a similar one in California 
citrus orchards during the past twenty-three years were the reasons 
that led to the proposal of study of the seedling orange trees in 
Puerto Rico during the Fall of 1928 from the standpoint of deter¬ 
mining, so far as possible, the nature of variations, if any, in the 
trees and their fruits and particularly to look for individual trees 
that were apparently superior to the average for commercial propa¬ 
gation and culture in Puerto Rico. 

A searching party was organized early in September 1928 to 
carry out a systematic search for a superior orange in certain citrus¬ 
growing districts of Puerto Rico. The members of the expedition 
consisted of Mr. 0. W. Barrett, then in charge of farm demonstra¬ 
tion work for the Puerto Rico Department of Agriculture and La¬ 
bor and whose knowledge of local agricultural conditions and famil¬ 
iarity with the Spanish language were valuable in this work, Mr. A. 
Mayoral of the Plant Propagation Station at Trujillo Alto, and the 
senior writer. The equipment included a supply of sphagnum moss 
and suitable containers for budsticks in order to insure the proper 
care for any budwood that might be obtained from any outstanding 
tree that might be discovered. 

Several days were spent in studying orange trees in various loca¬ 
tions on the Island but without finding any particularly valuable 
orange trees of interest from the commercial standpoint. A few se¬ 
lections of budwood from interesting trees that were thought to be 
better than the average were made but these trees were considered 
to be of minor commercial importance by the senior writer. While 
the fruits of these selected trees were apparently superior in one 
or more commercial characteristics to the average, the fruit and fo¬ 
liage characters did not meet all of the requirements that were con¬ 
sidered to be essential for a superior orange variety. 

Finally, on September 11th, 1928, a visit was made to a coffee 
plantation owned by Don Francis Martinez, located in the hill coun¬ 
try above the city of Mayagiiez and about 1,200 feet above sea level. 
The orange trees on this plantation, probably more than a thousand 
in number, were planted for the most part alongside the coffee fields 
and as a shade for the coffee plants. They were about forty years 
old, according to the superintendent of the plantation who accom¬ 
panied us during our study of these trees. They were typical so- 
called “wild” or mountain orange trees, i. e. apparently seedlings of 
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the varieties introduced by the Spanish explorers and settlers dur¬ 
ing the early history of the colonization of Puerto Rico. The prin¬ 
cipal crop on this plantation was coffee and the maintenance of the 
orange trees was incidental to the main business of the plantation. 
In addition to those planted alongside and in the coffee fields, small 
groups of orange trees were found growing near the houses of the 
employees as was frequently the case on similar plantations in other 
districts that were visited during the course of the survey. 

At the time of this reconnaissance, the fore part of September 
1928, the fruits of most of the orange trees observed were young and 
small, about the size of walnuts on the average. Now and then a 
tree was found with larger and more mature oranges while others 
had only very small fruits. All of the fruits examined from the 
most promising-looking trees contained several seeds and some of 
them had as many as 35 or more seeds each. In some instances the 
rinds were very thin and in others the peels were quite thick. Most 
of the oranges examined had a tender rag and were very juicy but 
some of them contained an excessive amount of coarse rag and were 
lacking in juice. In some instances the flavor of the juice was fair 
to good but in most cases it was insipid and poor. 

Amongst the orange trees in the main border row of the Martinez 
plantation several apparently interesting ones were examined but 
upon close study they were found lacking in one or more of the char¬ 
acteristics essential for a superior commercial orange by reason of 
the undesirable shape, size, rough texture, poor flavor, lateness of 
maturity, excessive number of seeds or other characters of commer¬ 
cial importance. As a result no attempt was made to collect budwood 
from any of the trees that were first examined. After walking about 
half the length of the row, the senior writer noticed in the distance 
a conspicuous tree that stood out from the neighboring ones so that 
it attracted his immediate interest. The characteristics of this tree 
that were particularly noticeable to the senior writer while still some 
distance from it, included: an unusually large crop of apparently 
mature Granges having uniformly desirable commercial size and shape, 
the relatively large size of the tree and its dense, deep green foliage 
with large, clean, healthy appearing leaves. Instinctively, the senior 
writer felt at the time that this might be the tree for which he had 
been searching, but restrained his enthusiasm until it was possible 
to examine the foliage and the fruits more closely. 

Upon reaching the conspicuous tree the senior writer picked an 
orange nearest at hand and cut it traversely across the mid section. 
The first glance at the cross section showed that the orange has a 
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medium thickness of peel, the flesh was firm and had an attractive 
texture and color, the core was very small and solid and no seeds 
were visible. Small sections were immediately cut from the two 
halves and handed to members of the party, After tasting these 
samples everyone present agreed that the flavor of the juice, texture 
of the flesh, and the bouquet or aroma of this fruit was superior to 
any of the samples tasted heretofore on this trip or to the best of 
their recollection in any previous tests. The fruit was found to be 
entirely without seed or any evidence of seediness. The senior writer 
then cut, in a similar manner, 24 other oranges that were picked from 
different branches of this tree and every one without exception proved 
to have very similar characteristics to those of the first one examined, 
including absence of seeds, firm and very tender flesh, no apparent 
core, an abundance of excellent flavored juice, medium thicknesss of 
rind and exceptionally desirable size and shape of orange from the 
commercial standpoint. The unanimous opinion of those present 
was that this was the best eating orange that they had tasted to the 
best of their recollection. 

About 50 budsticks were then cut from this outstanding tree, 
each with one or more typical fruits attached. The fruits were cut 
off from the budsticks and their characteristics noted, particularly 
the absence of seeds. The budwood was carefully labelled and im¬ 
mediately packed in moist sphagnum moss. A few additional oranges 
were also picked from the tree for subsequent examination. 

The remaining orange trees in the row were looked over before 
the party left the plantation but nothing of particular interest was 
observed. By this time darkness precluded any further field stud¬ 
ies and the party returned to Mayaguez for the night On the 
morning of September 12, 1928, a visit was made to several Maya- 
giiez gardens and the party started on their return trip to San Juan. 
En route a stop was made at San Sebastian where several small gar¬ 
den orange plantings were looked over. One of the growers reported 
an orange tree located on his coffee plantation some distance from the 
city that produced characteristically seedless and desirable fruits. Ar¬ 
rangements were made to visit this planting subsequently in order to 
obtain further data and budwood for possible propagation but owing 
to circumstances the senior writer was unable to carry out this plan. 

While at San Sebastian during the afternoon of September 12th 
one of the growers mentioned the fact that a hurricane had been re* 
ported from the Virgin Islands and that it was apparently approach¬ 
ing Raerto RiCo. Accordingly haste was made to return to flan 
Juan, but a short stop was made at G&rroehales in oydejr to visit one 
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of the larger Grape Fruit orchards. While at Garrochales showers 
began to fall and the southwestern sky developed a leaden or cop¬ 
pery appearance that indicated, according to the experienced mem¬ 
bers of the party, the approach of a hurricane. San Juan was 
reached late in the evening of September 12th and about midnight 
the hurricane arrived, the first stages of which consisted of terrific 
gusts of wind that were accompanied by a torrential downpour. On 
the following day the hurricane persisted until about five o’clock 
when a calm period occurred. Later, about nine o’clock in the eve¬ 
ning, the wind began to blow again with hurricane violence, tho not 
so strongly as during the first phase of the storm, and continued un¬ 
til about eight o’clock of the morning of September 14th. On the 
following day, September 15th, the buds from the outstanding Mar¬ 
tinez Orange tree were inserted in seedling rootstocks in propagat¬ 
ing grounds and nursery located at Trujillo Alto, near San Juan. 
The leaves of the young rootstocks had been badly whipped by the 
violent windstorm but the seedlings were still in fairly satisfactory 
condition for budding on account of the fact that they were located 
in a sheltered place. The young nursery trees resulting from this 
propagation were eventually distributed in the model farms and to 
growers for tests of the new variety for commercial orange produc¬ 
tion. 

On account of the widespread damage to Agriculture as a result 
of the terrific hurricane further study of the native orange trees 
were abandoned for the time being and the senior writer returned 
to Washington, D. C. However, before leaving, the senior writer 
drew up a systematic plan for a study of these trees and when con¬ 
ditions became settled after the disaster further search was made 
for outstanding trees. Three additional selections have been made 
during recent years and descriptions of these outstanding trees and 
samples of fruits from them are included in this report. 

In January, 1931, Edmund H. Twight, of Riverside, California, 
the junior author, -was appointed Specialist in Fruits for the Insular 
Experiment Station by the Puerto Rico Department of Agriculture 
and Commerce. He has been instrumental in bringing together the 
other three Rico oranges and in collecting much of the data con¬ 
tained in this paper. On January 8, 1932, the senior author re¬ 
ceived at Riverside, samples of the four Rico oranges from the jun¬ 
ior author. They were picked from the selected parent trees as noted 
in the description. Those fruits under California quarantine reg-, 
ulations were shipped to Riverside from Puerto Rico in care of the 
Riverside County Agricultural Commissioner, in whose office they 
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were examined and photographed after which they were carefully 
burned in order to eliminate any possibility of the introduction of 
insect pests or disease. In addition to the personal studies of these 
oranges, the senior writer obtained the services of three of the lead¬ 
ing orange growers and packers in the Riverside district in order to 
secure their opinions as to the commercial value of each sample and 
particularly their judgment as to the most desirable one of the four 
varieties for a commercial orchard test. Fortunately the Agricul¬ 
tural Commissioners of the Southern California Counties were meet¬ 
ing where these fruits were examined and their opinions as to the 
fruit characteristics and their apparent commercial value were also 
obtained. 

The circumference and weight of each orange in all of the sam¬ 
ples were recorded, systematic notes were made as to the color, thick¬ 
ness and texture of the rinds, shape of the fruit, color of flesh, char¬ 
acter of the rag, the amount and color and flavor of the juice, the 
size and nature of the core, the number of segments in a typical 
fruit of each sample, the number of seeds, if any, the f>resence or ab¬ 
sence of a navel and the soluble solids-acid ratio of the juice of a 
composite sample made up from three oranges of each lot were re¬ 
corded. Photographs of each sample’ of fruits were made but owing 
to the poor lighting conditions in the room where the photographing 
was done the resulting pictures are not as clear as would have been 
under more favorable conditions. Each sample was examined by all 
those present during these tests by tasting and thru systematic in¬ 
spections of the inner and outer characteristics of the fruits. Ample 
time was available so that opportunity was given to study the oranges 
adequately and to consider their characteristics from different points 
of view. 

Some of the outstanding characteristics of the samples of oranges 
were: the absence of seeds, their desirable shape, size and texture 
from the commercial point of view, the fine bouquet and flavor of 
the juice, the small amount and melting character of the rag, and 
the good outside color of the oranges even though they had not been 
washed or treated in any way in order to improve their appearance. 
Some smut from scale was found on most of the fruits but that could 
have been easily washed off. Treatment with Ethylene gas would 
doubtless have improved their color from the commercial standpoint, 
but at that time it was considered, best to photograph and record 
the descriptive notes without any cleaning or other fruit treatment. 

The writers know of only one commercial orange variety, the 
trees of which characteristically bear seedless fruits in the South- 
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west, the Washington Navel Orange, which is one of the most im¬ 
portant orange varieties grown. For this reason, if for no other, the 
orange selections described in this report are of scientific interest 
and one or more of them are likely to be commercially important. 
The particularly attractive flavor and bouquet of the abundant juice, 
the melting and very tender nature of the small amount of rag and 
the desirable commercial sizes and shapes of the fruits makes them 
of more than ordinary interest. 

Following are the descriptive notes obtained from the examina¬ 
tion of the fruits of the Puerto Rico orange selections that were sent 
to the senior writer from Puerto Rico by the junior author of this 
report. In addition to the data obtained from a study of the sam¬ 
ples of fruit, notes are presented that give the facts concerning the 
location, discovery and propagation of each parent tree together with 
the description of some of the most important parent tree character¬ 
istics from data obtained largely by the junior author in the course 
of his official duties in Puerto Rico during the season of 1931. 

The parent-tree selections have been given temporary names and 
numbers in order to identify them, the first one found being called 
Rico Np. 1, the second Rico No. 2. and the other two Rico No. 5 
and Rico No. 6. No fruits have been produced by the progeny trees 
as yet but their foliage indicates that the characteristics of the par¬ 
ent trees have been probably perpetuated through bud propagation. 

Location and Characteristics of the Rico No. 1 

This tree is located on the mountain coffee plantation owned by 
Don Francisco Martinez in the Mayagiiez district of Puerto Rico at 
an elevation of about 1,200 feet above sea level. The soil on this 
plantation is red clay. The tree was discovered by A. D. Shamel 
on September 11, 1928, and the first progeny propagation was made 
on September 15, 1928, at TrujilJo Alto in the nursery of the Plant 
Propagation Station. The nursery progeny was subsequently planted 
at the Propagation Station, the Insular Experiment Station, the va¬ 
rious Model Farms and the Orchard of Hill Bros, at Sabana Liana. 
The young progeny tree had some fruit this year (1932) but the 
San Cipri&n hurricane of September 26 (1932) shook them off; the 
trees, however, were not damaged. The parent tree is about forty 
years old, about 30 feet highj has a spread of about 30 feet, the diam¬ 
eter of the tree three feet from ground is about 12 inches. As the 
result of the hurricane of September 1928, the heavily laden tree 
was seriously injured and is now in very poor condition altho at 
the time of its discovery it was very vigorous. The habit of growth 



178 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE OF P. R. 

of this parent tree is erect, the yield for 1932 was estimated at from 
3 to 4 cases of oranges, the uniformity of the fruit is good and the 
commercial quality of the oranges is excellent. The tree is located 
on a shady mountain slope, one in a row of oranges that form a 
border for the adjacent coffee plantation. 


DESCRIPTION OF SAMPLES OF RICO ORANGE No. 1 



Weight 

Circumference 

Individual Orange Number 

Ounoee 

lnohes 

1.... 

11U 

10 10 /w 


im 

10 VH 


11 

10 Vie 


10 

9 »•/» 


0 

9 n/ 16 

#. 

m 

9 Vie 

7. 

8 

9 Vie 

8. 

8 

9 »/« 


8 

9 Vie 

Average.. 

9.5 

9.81 


The color of the rinds of the fruits is deep yellow with a red¬ 
dish tinge, the texture is smooth; the shape of the fruit is slightly 
obovoid; the peel is about 3/16 of an inch thick, the flesh is firm, 
has a deep yellow color, exceptionally small amount of tender rag 
and excellent eating quality; the juiee is abundant, 3 oranges pro¬ 
ducing about one pint; the color of the juice is yellow and more 
attractive than that of the other samples of Rico oranges examined, 
the flavor is excellent, eleven segments in one orange; small solid 
core; no seeds; no navel; soluble solid-acid ratio 11.8 to 1. 

Location and Characteristics of the Rico No. 2 

The parent tree Rico No. 2 was located by Julio S. Simons, Su¬ 
perintendent of the San Sebastian Demonstration Farm during 1930 
on the mountain coffee plantation owned by Don Francisco Roig in 
Barrio Perchos between San Sebastian and Lares, about one and 
half hour on horse back from the highway. The tree is located about 
2,000 feet above sea level. The soil is a heavy reddish clay. The 
first progeny propagation of this tree was made by A. Mayoral at 
the San Sebasti&n demonstration farm and at the Plant Propagation 
Station of Trujillo Alto on February 15, 1930, and another was made 
in June, 1931, by E. H. Twight. The resulting nursery progeny 
trees were planted subsequently at the Plant Propagation Station of 
Trujillo Alto and at the San Sebastian Model Farm. 

This parent tree is about 40 years old, has a height of about, 30 
feet vend a spread of about 30 feet. The diameter of the trunk three 
f eet above the ground is about 12 inches. The vigor of vegetative 
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growth is good and the crop for 1932 is estimated to be from 3 to 
4 cases. The fruit is fairly uniform with the exception of that on 
the central growth. The tree has an erect habit of growth. It is 
growing on a steep hillside and in partial shade. 


DESCRIPTION OF SAMPLES OF RICO ORANGE No. 2* 


Individual Orange Number 

... . ... .- . ... 

Weight 

Ounces 

Circumference 

Inches 

1. 

t 12 

10 */i« 

2. 

11 

10 */!• 

3. 

11 

10 Jit 

4. 

10 

10 */i< 

g .. . 

10 

9 “/i« 

Average . 

10.8 

10.23 





* 3 oranges badly effected with brown rot decay, not inoluded. 


The color of the rinds is deep yellow tinged with red, the tex¬ 
ture is smooth; the shape of fruit is obovoid; the peel is 3/16 of 
an inch in thickness; the flesh is firm, has a deep yellow color, tender 
rag and good eating qualities; the juice abundant, 3 oranges pro¬ 
ducing a little less than a pint of juice and has a fine distinctive 
flavor; the core is small and solid; 9 segments in one fruit; small 
rudimentary navels in rinds at blossom ends of the fruit with very 
small navel opening or practically closed; no seeds; soluble solid- 
acid ratio: 14.5 to 1. 

Location and Characteristics of the Rico No. 5 

This tree is located on the mountain coffee plantation owned by 
Don Ignacio Roig near Guayanilla in the southwestern part of the 
Island and about two hours by horseback from the highway (Kilo¬ 
meter 241) at an elevation of about 2,000 feet above sea level. The 
soil is a heavy clay loam. This parent tree was located by F61ix A. 
Velasco, Agricultural Agent at Guayanilla, in the Fall of 1930. As 
in the case of the Rico No. 2 and of the Rico No. 6 parent trees, the 
owner had known for years that this particular tree was prolific and 
produced each year crops of commercially desirable and seedless 
oranges. Progeny propagation of this parent tree was first made 
during the Spring and Fall of 1931 at the Insular Station at Rio 
Piedras and at the Plant Propagation Station at Trujillo Alto by 
the junior author, and again in 1932. 

The parent tree is about 40 years old, about 30 feet high and has 
a spread of about twenty-five feet. The diameter of the trunk three 
feet above ground is ten inches. The vigor of vegetative growth is 
good and the yield of fruit is about 3 cases annually. The fruit is 
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uniformly good. The tree has an upright habit of growth but leans 
to the northwest on account of prevailing winds. It is located on a 
steep mountain slope and stands on a ledge that overhangs a dash¬ 
ing mountain stream. 


DESCRIPTION OF SAMPLES OF RICO ORANGE No. 5 


1 . 

2 . 

3 . 

4 . 

5. 

6 . 

7. 

8 . 


Average 


Individual Orange Number 


Weight Circumference 

Ounces Inches 


15 

11 i«/u 

14 

11 i«/i« 

13 

11 •/« 

13 

11 */i» 

12^ 

10 **/»• 

12 

10 *•/« 

12 

10 »/u 

0 

9 »«/!• 

12.5 

11.06~ 


The color of the rind is light yellow, the texture somewhat coarse; 
the shape of the fruit is slightly obovoid but more spherical than in 
the case with the other samples; the peel is about 4/16 inch thick; 
the flesh has a deep yellow color and the rag tender; the juice abun¬ 
dant and has a good color; 3 oranges produced one pint of juice; 
the core is open and about 10/16 inch in diameter; ten segments in 
one fruit; one large imperfect seed was found in 5 fruits; no na¬ 
vels; the soluble solid-acid ratio: 12.5 to 1. 


Location and Characteristics of the Rico No. 6 

The parent tree of the Rico No. 6 is located on the mountain cof¬ 
fee plantation owned by Don Carmelo Albino Bisot near Sabana 
Grande and about two hours by horse back from Sabana Grande. 
The soil is a heavy reddish clay with a shallow covering of black 4 
loam. The tree stands at an elevation of about 2,000 feet above 
sea level. 

It was located by F61ix A. Velasco, Agricultural Agent, Guaya- 
nilla, and was propagated at the Insular Experiment Station at Rio 
Piedras in March, 1931. The resulting* progeny trees were planted 
at tfie Plant Propagation Station at Trujillo Alto in April, 1932, by 
the junior author. The parent tree is about forty years old, thirty 
feet high and has a spread of about thirty feet. The trunk diameter 
three feet above ground is about 12 inches. The vigor of vegetative 
growth is good, the prodimtito fair and the fruits are fairly uni¬ 
form. The habit of tree growl is erect and the tree is growing on 
a shady mountain slope. As with the other selected parent trees, 
Rico No. 1, Rico fJo. 2 and Rico No. 5, no pruning, cultivation, spray- 
hag, soil fertilization or other care has been given this tree. 
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DESCRIPTION OF SAMPLES OF RICO ORANGE No. 6 


Individual Orange Number 

Weight 

Ounces 

Circumference 

Inches 

1. 

10 

10 i*/i« 

10 «/i« 

9 u/i 6 
9 n/ie 
9 7 /i« 

2. 

3. 

9^ 

9 

4. 

5. 

0 

0. 

9 

9 7 / 18 
9 «/i« 

7 Very flat... 

7H 



The color of the rind of fruit is deep yellow tinged with red and 
the texture is smooth, the shape of the fruits is somewhat flattened 
as with the Marsh Grape fruit; the peel is about 4/16 of an inch 
thick; the flesh is deep yellow in color and has a tender rag; the 
juice is abundant and of exceptionally fine flavor, three and one-half 
oranges produced a pint of juice; 4 fruits had a total of four per¬ 
fect and two imperfect seeds and two fruits were seedless; no navel; 
soluble solid-acid ratio: 12 to 1. 

Explanation of Plates 

Plate VI. Typical fruits from seedless orange selection Itico No. 1. 

Original tree near Mayagiiez, Puerto Rico. 

Plate VII. Typical fruits from seedless navel orange selection Rico 
No. 2. Ranch of Mr. Roig, San Sebastian, Puerto 
Rico. 

Plate VIII. Typical fruits from seedless orange selection Rico No. 5. 
Plate IX. Typical fruits of seedless orange selection Rico No. 6. 
Sabana Grande. 
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ANASTREPHA (TRYPETYDAE, DIPTERA) FRUIT FLIES IN 

PUERTO RICO 

By Francisco Sein, Jr., Assistant Entomologist , 

Insular Experiment Station, Rio Piedras, P. R. 

Two species of fruit flies of the genus Anastrepha occur in the 
Island of Puerto Rico. In this region, they can be conveniently dif¬ 
ferentiated on the basis of the host selection, that is, the fruits in 
which tlie maggots arc found, although in the case of two of the 
host fruits, both species may be found together. The two species 
can unquestionably be differentiated in the egg and adult stages. In 
the larval stage, the one character used to distinguish them seems to 
be constant. One is described as a distinct new species: unipuneta . 
The other, although differing greatly in host fruits from the species 
frai ere ulus as reported from some localities in South America, is 
here considered as a variety of that species: mombinpraeoptans be¬ 
cause of its preference for the hog plum, (Spondias mombin L.). 
The lack of more data from South America does not seem to justify 
a greater differentiation at present. 

What lias previously been called the West Indian fruit fly, Anas¬ 
trepha fralereulus , was described by Wiedemann (10) in 1830 from 
a Brazilian specimen and was first reported from Puerto Rico by 
Gundlach (4) in 1887 as Acrotoxa fralereulus and Trypeta frater - 
cuius Wied., in synonymy as determined by Roeder. Up to recently 
it was considered the only species of Anastrepha on the Island. 

In 1911, after the Puerto Rico Experiment Station at Mayagiiez 
had introduced some of the selected East Indian varieties of mangoes 
it was noticed that some, especially the Cambodiana, were attacked 
by fruit flies, and in that same year, Tower (9) published an ac¬ 
count of the life history of the insect under the name of Anastrepha 
acidusa Walker, as determined by W. R. Walton. 

In 1912, Dr. Hooker (5) also of the Puerto Rico Station reported 
that a comparison made by Dr. L. O. Howard with the type of A . 
acidusa in the British Museum showed the fruit fly from Puerto Rico 
(it is not possible to tell which of the two) to be a different species, pos¬ 
sibly undescribed. In the same report, however, it is added that 
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Prof. Bezzi identified specimens as A, fraterculus and that Mr. Knab 
was inclined also to consider them as belonging to that species. 

In Dr. Wolcott's check list of the insects of Puerto Rico (11) 
published in 1923, A. fraterculus is the only species recorded, and 
A. acidusa is given as a synonym. The host plants of the two species 
are given as those of the single species recognized at the time. 

In 1925, at a hearing (7) held in Washington, D. C., to consider 
prohibiting or restricting the entrance of citrus fruits from Puerto 
Rico into the United States due to the presence of A. fraterculus, 
Dr. C. L. Marlatt expressed the opinion that although A. fraterculus 
did not infest citrus fruits in Puerto Rico, Anastrepha larvae had 
been found on one occasion in citrus from the Isle of Pines and fur¬ 
thermore stated that: 

“In our examination of citrus fruits from the West Indies and Mexico, 
Central America, etc,, we find that these native fruit flies which occur throughout 
all thart region do not attack citrus. It is not at all impossible that there may 
be a rare case of a maggot of these other fruit flies coming in citrus fruit. 
The insect may lay eggs under some abnormal conditions in citrus fruit and there 
is a possibility of course that infestation may result. 99 

Since this hearing, the exportation of citrus fruits from Puerto 
Rico into the United States has continued uninterruptedly, the ship¬ 
ments being accompanied by permits issued by Inspectors of the Bu¬ 
reau of Plant Quarantine stationed on the Island. The permits 
are based on inspections made throughout the year in the groves 
and again in the packing houses before shipment. The inspec¬ 
tions are most carefully conducted during the spring and summer 
and since 1931, with special care in the localities where infestations 
might be considered more likely to occur. As stated by Dr. G. G. 
Becker in the report on his trip of inspection to Puerto Rico, May 
28 to June 13, 1931: 

“A much greater fruit-fly risk is assumed in shipments of Cuban and Isle 
of Pines citrus than is assumed with Puerto Rican citrus because of the fact 
that fruit from the former Islands is given only a cursory examination on ar¬ 
rival. 9 y 

In April, 1926, Mr. Jose Luciano of the Insular Quarantine Service 
found one fruit-fly larva in a native sweet orange (grown most likely 
in the western part of the Island) which was identified by Mr. C. T. 
Greene as Anastrepha sp. In the spring and summer of 1931 some 
infested grapefruit, sour oranges and one native sweet orange were 
found in the western part of the Island and a few infested Valencia 
oranges in two trees in a large commercial grove in the northern 
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part. In April 15, 1932, a few infested grapefruits and some sour 
oranges (very remarkably in the same grove and practically on the 
same date as the previous year), were again found in the west 
and a few infested sour oranges were also found in one locality in 
the south. Those infestations, as shown by careful surveys conducted 
by inspectors of the Bureau of Plant Quarantine and the Insular 
Quarantine Service in cooperation, have all been localized, of short 
duration and involving only an infinitesimal number of fruits com¬ 
pared with the total crop of the Island. Nothing can be added at 
present to the statements made by Dr. Marlatt to explain why those 
infestations take place. They do not occur when the flies are more 
abundant and neither do they seem to be caused simply by a lack 
or scarcity of their ordinary host fruits. They might possibly be due 
to a special activity of some of the flies in the spring and summer, 
or to a certain tendency of some individuals. Whatever the cause, 
and even though the host plants of the insect occur in the neighbor¬ 
hood of practically all the citrus groves in the Island without in¬ 
festation taking place, the elimination of those host plants would 
eliminate the source of flies in the vicinity of the groves and there¬ 
fore also the danger of infestation. Picking the fruit early would 
also reduce the danger since the infestations have been found in the 
spring and at the beginning of summer. The fly that has been 
reared from citrus fruits in Puerto Rico is not the one that breeds 
in mango, “jobo”, and “ciruela” but another distinct species which 
breeds commonly in guava, rose apple, to some extent in tropical 
almond and less commonly in custard apple, star apple, zapodilla, 
beach plum and kunquat. 

So much confusion exists as to what are the characters of Anas - 
trepha f rater cuius Wied., that it would seem desirable to describe 
what has been considered to be that species in Puerto Rico as new. 
But due to lack of sufficient reared material and data on the im¬ 
mature stages from a large number of localities throughout its wide 
range in the West Indies, Central and South America, for the present, 
the insect as found in Puerto Rico is here redescribed as a variety 
within the species fraterculus. Several such varieties may even¬ 
tually be established and some may prove to be distinct species. The 
creation of varietal names will facilitate the study of the genus Anas - 
trepha and particularly the species fraterculus. It may be useful 
also in connection with quarantine regulations. A long list of plants 
has been reported infested by A. fraterculus , but in some localities 
where A. fraterculus is reported to occur, some of those plants are 
not infested. Manifestedly, one locality should not be put under 
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quarantine regulations on the basis of the plants the insect attacks 
in another. The reason why some plants are infested in one locality 
and not in another may most readily be explained perhaps, by the 
existence of varieties within the species fraterculus, It is possible also 
that in some localities, plants reported infested by A. fraterculus 
may have been infested, as in Puerto Rico, by some other closely 
related species heretofore confused with it. 

On this basis it would appear desirable to retain the common 
name of West Indian fruit fly, restricting it to the mango and jobo 
infesting variety: mombinpraeoptans, which does not attack citrus in 
Puerto Rico. This variety is probably found in other West Indian is¬ 
lands besides Puerto Rico, and presumably also in tropical Central and 
South America. For the variety (if we may consider it as such) of A. 
fraterculus which attacks citrus and subtropical fruits in Brazil, Ar¬ 
gentina and other South American countries, the common name of 
South American fruit fly as used by Essig (2) would be appropriate. 
Essig, when using that term in his book, was not considering varieties. 

In describing the adult, the three bands on the wings (Fig. 60) 
are given names. The basal band extends from the base of the wing 
along the costal border to the end of the apical cell. The S-shaped 
band is clearly marked from the tip of the wing along the anterior 
margin to about the middle, thence bending over the radio-medial 
cross-vein it reaches the tip of the anal cell diffusing over it towards 
the base of the wing. The two arms of the inverted V-band rest 
on the posterior margin. Because there is no connection between 
them, the basal and the S-shaped bands stand out very clearly 
in figures 2 and 60. In figure 3 (A. fraterculus from Argentine), 
there being no connection between the S-band arid the inverted V-band, 
the shape of the latter is quite striking. In describing wings such 
as shown in figures 2 and 3, the three bands immediately catch the 
eye. In figure 1, however, because of the connections, the three- 
banded effect is somewhat lost. Although A. fraterculus in Argen¬ 
tine is not discussed in detail in this paper, an illustration of the 
wing has been introduced for comparison. 

In obtaining the eggs of the two species, it has been found con¬ 
venient to take advantage of the fact that the females when kept 
for a time in cages without fruits in which to oviposit, seem to be 
in such a hurry when suitable fruits are made available, that they 
deposit the first eggs on the surface of the fruits as they run over 
them trailing the ovipositor. The normal shape and size of the eggs 
can be more easily observed in such than in eggs dissected out of 
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the flies or out of the fruits. In the variety mombinpraeoptans the 
tips of the eggs protruding out of the cuticle of the fruits makes the 
search for them a simple operation, but unless the spot where the 
females insert the ovipositor in fruits in cages is marked, it is quite 
difficult to locate those of A. unipuncta , which are deposited entirely 
under the cuticle. 

Wiedemann’s Description of A. fraterculus 

“Flavus; alis dimidio basilari costae, plaga S formi, fascia dimidia lineaque 
apicis obliqua flavis. Yellow, wing with basal half of rib yellow, U S” formed 
mark, half a hyphen and line at apex. 

‘ ‘Length 2% lines. From Brazil. 

“This species is much similar to parallel'll,s , only it is much smaller, the 

costal stripe and the band and the line, which correspond to the third stripe of 
that one, are different. Antennae medium length, bristle not plumose. Color 
very pale rust yellowish; face the same, frons somewhat deeper yellow. Entire 
back (thorax) of a pale yellow in between acorn-brown to ‘Izabell yellow — 
this perhaps lost of its purity through smears with arsenic solution. Abdomen 
fuller yellow, sides of thorax and legs lcatlier-yellow. Abdomen incisions (pos¬ 
terior edge of segments whitish. Bristles and hair of head and body black. 
Base of wing from the costa to the third longitudinal vein deep yellow, in the 
radial ce'l lighter. From the inner hind margin, near the base of the wing, an 
oblique *‘S” mark runs over the middle cross-vein with its first bend reaching 
the costa, (whereby there is left a triangular hyaline space between it and 
the basal stripe), then with a sharp bending along the outer wing margin to 
below the end of the third longitudinal vein. From the hind edge of the wing 
there is a hyphen (band) spreading over the ordinary cross vein and reaching 
to about the middle of the wing width; from the hind margin of the wing 
apex a tapering line extends obliquely and reaches over the end of the band, 
but in no way connected with the same. Band and line are slightly brown. In 
my collection. ’ ’ 

Anastrepha fraterculus Wied., var. mombinpraeoptans, 

new variety. 

The adult: Maximum size, male 7 mm,, fomale (Fig. 4) with ovipositor, 8 mm.,, 
ovipositor, 1.8 mm. Wing expanse, 14 to 15 mni.) 1 ) Head yellow, face light 
lemon yellow, front a grayish yellow amber. Compound eyes metallic irridescent. 
An almost black bloch between the simple eyes. Antennae with slight reddish 
tinge, arista chestnut. Proboscis golden yellow, palpi with very slight reddish 
tinge. Thorax dorsally reddish brown ( 8 ) with dark chestnut or blackish pile ( 3 ) ; 

0) In Wiedemann's description the size is given as 2% lines. In Pierce’s manual 
it is 12 mm M exclusive of the ovipositor with a wing expanse slightly over 25 mm. In 
Argentina according to Rust (8) average siaes are for the male 7 to 8 mm„ with a wing 
expanse of 15 to 16 mm M and for the female 10 to 11 mm,, with the ovipositor, ovipositor 
2 mm. and wing expanse 18 to 20 mm. 

( a ) According to Wiedemann: “the entire back (thorax) is of a pale yellow in between 
acorn-brown and Isabell-yellow, this perhaps lost of its purity through smears with arsenic 
solution." 
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median mesoscutal vitta sulphur yellow with whitish pile( 8 ), linear from collar 
expanding posteriorly into a cuneiform shape not reaching scutellum (Fig. 37); 
scutellum and lateral mesoscutal vitta sulphur yellow with scanty blackish pile. 
Metanotum a reddish amber with or without two markings which may be light 
or dark, shaped as spots or larger blotches Side of thorax dull yellow, pleural 
vitta enamelled sulphur yellow. An almost black rounded spot behind the wing 
base( 4 ). The usual bristles all black. Abdomen amber with blackish pile and 
black bristles, posterior edges of segments usually showing as three lighter trans¬ 
verse bands. Ovipositor reddish amber, darker than abdomen, dorsally with an 
almost black spot near tho tip. Two rounded, almost black spots on the mem¬ 
brane at the base of the ovopositor( 4 ). 

Legs lighter yellow than body, tibiae and tarsi, slightly tinged with reddish. 

Wings (Fig. 1) hyaline, iridescent, markings in the shape of three brownish 
orange bands overlaid in part with a smoky brown which in places is blackish. 
The borders of the bands darker in places. Occasional vacuoleB or lightly 
pigmented areas in the bands. Basal band brownish orange from tho baso of the 
wing to apical cell. Apical cell darker. S-shaped band dark smoky from tip 
of wing along anterior margin to about the middle, thence dark brownish orange 
over the radiomedial cross-vein and lighter brownish orange over it into cell 1st 
M 2 . On cell Cuj there are usually two dark spots, sometimes coalescing, one of 
which is on the tip of the anal cell( B ). The basal and the 8 bands are connected 
at a point near the r-m cross-vein thus leaving a triangular or notch shaped 
hyaline area between them with its base on the anterior margin and the apex 
pointing towards the posterior margin of the wing. Inverted V band with its 
arms resting on the posterior margin, the vertex connecting with the 8 band, 
the connection usually strong (*), the vertex is brownish orange, the arms smoky. 
Very exceptionally (Fig. 55) the arms of the inverted V band may be discon¬ 
nected as described by Wiedemann. In one specimen the S band was found to 
be cut in two at the middle, (Fig. 56). Figures. 43 to 56 show some only of 
the more striking variations that occur in the mornbinpraeoptans variety. 

Described from 3,000 freshly killed specimens reared by the writer from the 
different fruits in which the insect breeds in Puerto Rico during the years 1927 
to 1933 from many localities both in the costal plain and the higher elevations. 
Dried specimens in the collections of the Insular and Puerto Rico Experiment 
Stations and in the National Museum in Washington, D. C., some of them collected 
as far back as 1913 and identified as A. fraterculus have also been examined. 
Dried specimens are brownish with the vittae whitish. 

Type.—A single female; (P. R. Ac. No. 44-33), March 20, 1933, Rio Pie- 
dras, Puerto Rico; reared by F. Sein, Jr., from Spondias mombin L. In the 
U. 8. National* Museum, Washington, D. C. 

# Paratypes.—Four female specimens; (P. R. Ac. No. 44-33), March 20, 1933, 

(*) In Wiedemann’s description the bristles and hairs of head and body are black, but 
according to Loew (6) the pile on Wiedemann’s type was light chestnut or yellowish. Dr. 
O. H. Curran has informed the writer that fraterculus has the abdomen wholly, yellow haired 
and has yellow or brownish bristles. 

( 4 ) Not mentioned in former descriptions of fraterculus. 

(®) According to Bezzi (1) this spot is not present in fraterculus . Greene (3) who 
states that the adults are easily differentiated on wing pattern illustrates the spot for A. 
fraterculus but not for A. ludens or A. serpentina and indistinct for A. striata. 

<•) In Wiedemann’s description the arms are “in no way connected”. Loew states that 
in Wiedemann’s type the connection was present though not very distinct. 
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Rio Piedras, Puerto Rico, reared by F. Sein, Jr., from Spondias mombin L. In 
the British Museum, London, England, and at the Insular Experiment Station, 
Rio Piedras, Puerto Rico. 

Mounted wings from which the drawings of the variations in pattern and 
slides from which the drawings of the posterior spiracles and the hairs or rayB 
were made deposited at the Insular Experiment Station. 

The egg: Length, 1.4 mm.; Width, 0.4 mm.; Spindle shaped with one end 
prolonged into a neck which usually swells somewhat into an ovoid head at its 
extremity, the other end bluntly pointed, (Figs. 8, 9 and 10). Egg membrane 
white, opaque, smooth and glossy. The egg is inserted in the fruit up to the 
shoulder, the head and neck protruding outside of the cuticle (Figs. 6-8 and 10). 
The larva emerges through a slit near the pointed end. 

Described from eggs dissected out of fruits, from mature eggs dissected out 
of the female flies and from eggs deposited on the surface of fruits in cages. 

The larva: Maximum length, 30 mm., width, 2 mm., at posterior end; cylin¬ 
drical, tapering slightly towards cephalic end. When young, cream colored, 
usually turning later to a golden yellow. In addition to the head region, the 
body consists of 11 segments of about equal length; a ventral fusiform area on 
anterior portion of each of segments 2 or 3 to 11 ( 7 ), (Fig. 1-6). Head, (Fig. 
14), small, partly retractile, each side of the front bearing two broadly rounded 
somewhat flattened tubercles, the antennae( R ) slightly larger; mouth hooks (Figs. 
20-25), medium sized, first part rather slender, first and second parts black, 
second part shaped more frequently like the head of a hammer(°), third part with 
a dark brown infuscated area at base which fades to hyaline towards apices. 
Anterior spiracles small, yellowish, chitinized, with from 10 to 16 small rounded 
tubules( 10 ) arrangod in an irregular row, (Fig. 15). Posterior spiracles, (Figs. 
17, 19 and 27), medium sized, each spiracle with three broad yellow entrances, 
each with a dark brown peritreme, entrances more frequently arranged so that 
the two above are parallel and the one below obliquely upturned ( n ), Figs. 17 
and 19), but in some specimens all three entrances may converge, (Fig. 27). 
In some specimens the entrances may be described as short and thick, in others 
as longer and more slender. Hairs (rays) branched and well spaced as shown 
in (Fig. 17). Button large but indistinct. Above eaeh spiracle two small 
tubereles in a transverse line and below, two small tubercles slightly wider apart 
and almost in a transverse line ( u ), (Fig. 26). The lower pair of tubercles 
is in some specimens located in a ridge, (Fig. 26, a and b), in others in two 
ridges (Fig. 26, c and d), and the innermost of the two tubercles is usually bifid 
(Fig. 26, a and o). Another pair of tubercles can usually be seen on the 
modian line between the upper and the lower pair( 14 ). Anal elevation large, 
rounded and with two prominent lobes. 

( T ) According to Greene (3) in A. fraterculus the fusiform area occurs on segments 4 
to 11. 

( 8 ) Greene illustrates a somewhat differently shaped antenna. 

( 9 ) Greene's illustration shows it shaped somewhat like a bottle. 

( 10 ) According to Greene A. fraterculus has from 15 to 17 tubules, A. striata and A. 
serpentina go as high as 17 and O. capitata as low as 10. 

( lx ) According to Greene the second is the only arrangement that occurs in fraterculus . 

( ia ) According to Greene there is one tubercule below each spiracle. 

(**) Greene does not consider them as bifid; this condition was first pointed out to the 
writer by Mr, F, H. Benjamin. 

< 14 ) Not mentioned by Greene, 
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. Described from 500 full grown larvae from the same sources as the adults. 

The puparium: Maximum length, 5.7 mm., width, 2 to 2.4 nun., cylindrical, 
yellowish, later turning to mahogany; 11 distinct segments, (Figs. 32-35). 
Anterior spiracles like those of the larva but darker and somewhat shrunk. 
Posterior spiracles (Fig. 36) medium sized, dark reddish, located in a faintly 
depressed area somewhat oval in shape, a broad flattened projection extending 
down between the upper end of the spiracular plates ( 16 ), each spiracle with three 
broad yellow entrances, each located on a well defined ridge; button small and 
indistinct. Anal plate large, dark and round. 

Described from 500 specimens from the same source as the larva. Material 
from Panama (whence Greene drew his description) has also been examined. 

Hosts; Hog plum, “jobo” Spondias mombin L.; “ciruela”, 8. 
cirouella Tussac and 8. purjmrea L., some mango varieties, Mangifera 
indica L., and rarely in “jobo de la India ”, 8. dulcis Frost. Oc¬ 
casionally some may breed in guava, “guayaba”, Psidmm guajava 
L., and rose apple, “pomarrosa’ ’, Jambos jambos L. 

Anastrepha unipuncta new species 

The adults of this species can readily be differentiated from A. 
fraterculus Wied., var. mmnbinpraeoptans by the dark spot on the 
suture between the metathorax and the scutellum. The egg has no 
neck and is deposited entirely underneath the cuticle of the fruit. 
The larva has the hairs or rays in the posterior spiracles more numer¬ 
ous, closer together and somewhat less branched. No character has 
yet been found to distinguish the puparium. An occasional puparium 
may be formed inside the fruits in which the larvae have developed, 
a habit which has not been observed in A. fraterculus Wied., var. 
mombinpraeoptans. 

The adult: Slightly darker than A. fraterculus Wied., var. mombinpraeop¬ 
tans and similar in size; ovipositor very slightly longer and wider at the mid¬ 
dle, (Fig. 42). Thorax (Fig. 5) dorsally a reddish amber or honey color the 
median mesoscutal vitta linear and faintly lighter than thorax; lateral and 
pleural vittae a dull greenish yellow. Pile on dorsal part of thorax all blackish 
(Fig. 38). A noticeable dark spot on the suture between the metathorax and 
the scutellum, (Figs. 5, 38 and 39) invariably present. Wing markings (Figs. 
2 and 57-60), usually darker and more smoky and in some individuals different 
in pattern from A. fraterculus Wied., var. mombinpraeoptans. Basal band dark 
smoky. S shaped band dark smoky to near the r-m cross vein thence brownish, 
yellow to cell Cui. In cell (hq the two dark smoky spots frequently coalesce 
extending towards the base of the wing. When the basal and the S bands are not 
connected, the hyaline area between the two bands extends uninterruptedly towards 
the base of the wing, (Figs. 2 and 60). The connection between the S and the 
inverted V bands though strong in some individuals (Figs. 2 and 58) may 
be w r eak (Figs. 57 and 60) or lacking in others (Fig. 59). In many individuals 

( 15 ) According to Greene the area is hexagonal and the flattened projection is not present, 
it being specific for A. striata. 
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there are two slightly lighter areas in the basal band on either side of the 
humeral cross vein. In dried or in specimens preserved in alcohol the spot on 
the dorsum is always visible. 

Described from over 500 specimens reared from the different fruits in which 
the inseot breeds collected in different localities in Puerto Rico including the 
lower and the higher elevations. Specimens in the collection of the Insular 
Experiment Station, P. R., reared from guava in 1913 and identified as A. fra - 
terculus Wied., have also been studied. 

Type.—A single female; (P. R. Ac. No. 45-33), March 20, 1933, Rio Piedras, 
Puerto Rico; reared by F. Sein, Jr., from Psidium guajava L. In the U. S. 
National Museum, Washington, I). C. 

Paratypes.—Four female specimens; (P. R. Ac. No. 45-33), March 20, 1933, 
Rio Piedras, Puerto Rico, reared by F. Sein, Jr., from Psidium guajava L. In 
the British Museum, London, England, and at the Insular Experiment Station, 
Rio Piedras, Puerto Rico. 

Mounted wings from which the drawings of the variations in pattern, and 
slides from which the drawings of the posterior spiracles and the hairs or rays 
were made deposited at the Insular Experiment Station. 

The egg: Length, 1 mm., width, 0.3 mm. Spindle shaped, both ends bluntly 
pointed and one with reticulations which may be indistinct in some cases, (Figs. 
11-13). Egg membrane opaque, smooth and glossy. Egg inserted in the fruit 
just underneath the cuticle, the reticulated end nearest to the cuticle. 

Described from mature eggs dissected out of the female flies and from eggs 
laid in and on fruits in cages in the laboratory. 

The larva: Similar in size and color and other characters to that of A. 
fratcrcvlus Wied., var. mombiupraeoptam except that the bunches of hairs (rays) 
in the posterior spiracles are more numerous, closer together and not so branched, 
(Fig. 18), entrances more frequently convergent; number of tubules in anterior 
spiracles from 9 to 17, the lowest numbers have been found in rose apple and 
citrus and the highest also in citrus. 

Described from 200 full grown larvae from the same source as the adults. 

The puparium: Similar to that of A. fraterculus Wied., var. mombinpraeop- 
tans. An occasional one may be formed inside the fruits in which the larvae 
have developed, a habit A. fraterculus Wied., var. mombinpracoptans has not 
been observed to have. 

Described from over 200 specimens from the same source as the larva. 

Hosts: Guava “guayaba”, Psidum guajava L.; rose apple, “po- 
marrosa”, Jambos jambos L.; tropical almond, “almendra” Ter mi - 
nalia catappa L.; kunquat, Fortunella nuirgarita (Champ) Swingle; 
star apple, “caimito”, Chysophyllum eainito L.; zapodilla, “nis- 
pero”, Sapota achras Mill.; custard apple or bullock’s heart, “co 
razon”, Anona reticulata L.; and beach plum, “hicaco”, Chrysoba- 
lanus icaco L., occasionally, in.the spring and early summer sporadic¬ 
ally a few may breed in grapefruit, Citrus maxima Merril; sour 
orange, “naranja agria”, C. aurantium L.; native and Valencia 
oranges, “chinas”, C. sinensis L. 
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Plate X 

Fig. 1.— Anastrepha fraterculus Wied., var. mombinpraeoptans, 
right wing, greatly magnified. 

Fig. 2.— Anastrepha unipuncta n. sp. right wing, same magnifica¬ 
tion as fig. 1; notice that the bands are darker and that the basal 
and the S shaped band are disconnected. 

Fig. 3.— Anastrepha fraterculus Wied., from Argentina, right 
wing, same magnification as figs. 1 and 2; notice that the wing is 
larger than the other two, that the S shaped band and the inverted 
V bands are more slender and that they are disconnected; in color 
the Argentinean is similar to the mombinpraeoptans variety and both 
are lighter than A. unipuncta. 

Fig. 4.— Anastrepha fraterculus Wied., var. mombinpraeoptans, 
dorsal view of female adult greatly magnified; notice the three 
bright longitudinal sulphur yellow stripes on the thorax. 

Fig. 5.— Anstrepha unipuncta n. sp., dorsal view of thorax, mag¬ 
nification about the same as in fig. 4; notice the dark spot on the 
suture between the metathorax and the scutellum not present in fig. 
4 and that the longitudinal stripes are dull and indistinct. 

Fig. 6.— Anastrepha fraterculus Wied., var., mombinpraeoptans, 
the end of the egg protruding out of the cuticle of a green fruit, 
greatly magnified. 

Fig. 7.—Same, the end of the egg protruding out of a ripe fruit. 

Fig. 8.—Section of a green hog plum, Spondias mombin L., to 
show the egg as it is inserted by the female. In other fruits the egg 
is inserted in the same manner. 

Plate XI 

Fig. 9.— Anastrepha fraterculus Wied., var. mombinpraeoptans, 
longitudinal section of egg, greatly magnified. 

Fig. 10.—'Same lateral view of egg with fruit tissues adhering 
to it as it usually appears when dissected out of fruits, not so greatly 
enlarged as Fig. 9. 
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Fig. 11.— Anastrepha unipuncta , n. sp., lateral view of egg show¬ 
ing reticulations at one end, magnification slightly more than Fig. 10 
and very much less than Fig. 9. 

Fig. 12.—Same, showing slight difference in shape and size. 

Fig. 13.—Same, showing some variation in shape and reticula¬ 
tions indistinct. 

Fig. 14.— A. fraterculus Wied., var., mombinpraeoptans, lateral 
view of head of larva showing: Mth, mouth; Oh, oral hook; a, 
antenna, ASp, anterior spiracle, greatly magnified. 

Fig. 15.—Same, anterior spiracle of mature larva, lateral view, 
greatly magnified. 

Fig. 16.—Same, lateral view of mature larva showing, VFa, ven¬ 
tral fusiform area, and 1 to 11, number of segments, greatly mag¬ 
nified. 

Fig. 17.—Same, posterior spiracles of mature larva showing the 
hairs or rays well spaced and branched and the two entrances above 
parallel with the lower one obliquely upturned, greatly magnified. 

Fig. 18.— Anastrepha unipuncta, n. sp. posterior spiracles of the 
female showing the hairs or rays more abundant, closer together and 
less branched than in Fig. 17, greatly magnified, entrances convergent. 

Fig. 19.— Anastrepha fraterculus Wied., var., mombinpraeoptans, 
posterior spiracles of one third grown larva showing the two spirae- 
ular plates closer together than in the full grown larva in Fig. 17, 
but the hairs or rays about the same, greatly magnified. 

Fig. 20.—Same, mouth hooks of the full grown larva, lateral view 
showing the three parts, greatly magnified. 

Figs. 21-25.—Same, mouth hooks of full grown larva, first and 
second parts of different individuals showing variations in the shape, 
greatly magnified. 

Fig. 26.—Same, posterior end of full grown larva showing the 
tubercles: a and b, in profile, located in one ridge; c and d, in 
profile, located in two ridges; a and c, in profile, with inner tubercles 
bifid, greatly magnified. 

Fig. 27.—Same, posterior spiracles of the mature larva showing 
the entrances convergent, hairs or rays not shown, greatly magnified. 

Figs. 28-31.— Anastrepha unipuncta n. sp., posterior spiracles of 
the mature larva showing the two upper entrances horizontal and the 
lower one obliquely upturned, hairs or rays not shown, greatly 
magnified. 
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Plate XII 

Fig. 32.— Anastrepha fraierculus Wied., var., mombinpraeoptans, 
lateral view of puparium showing: PSp, posterior spiracles; An, 
anus; Sp, lateral spiracle; P, vertical cleavage line; 0, horizontal 
cleavage line; ASp, anterior spiracle; 1 to 11, number of segments, 
greatly magnified. 

Fig. 33.—Same, lateral view of opened puparium after the 
emergence of the fly, ASp, anterior spiracle, greatly magnified. 

Fig. 34.—Same, dorsal view of puparium showing: Asp, anterior 
spiracle; Mth, mouth; PSp, posterior spiracle, greatly magnified. 

Fig. 35.—Same, ventral view of puparium showing AnP, the anal 
plate, greatly magnified. 

Fig. 36.—Same, posterior spiracles of the puparium showing the 
broad flattened projection extending down between the upper end 
of the spiracular plates, greatly magnified. 

Fig. 37.—Same, dorsal view of thorax showing the distribution 
of the dark colored pile, the whitish pile on the median mesoscutal 
vitta not showing, greatly magnified. 

Fig. 38.— Anastrepha unipuncta , n. sp., dorsal view of thorax 
showing the distribution of the dark colored pile and the spot on the 
suture between the metathorax and the scutellum, greatly magnified. 

Fig. 39.—Same, a variation in the shape of the spot between the 
metathorax and the scutellum, greatly magnified. 

Fig. 40.— Anastrepha fraterculus Wied., var. mombinpraeoptans, 
external genitalia of the male showing the claspers, greatly magnified. 
The external genitalia of A. unipuncta show identical characters. 

Fig. 41.—Same, lateral view of the ovipositor, greatly magnified. 

Fig. 42.— Anastrepha unipuncta, n. sp., lateral view of the ovi¬ 
positor, same magnification as Fig. 41; notice the difference in shape 
and size, Fig. 42 being wider at the middle and slightly longer than 
Fig. 41. 

Plate XIII 

Figs. 43 to 51.— Anastrepha fraterculus Wied., var. mombin¬ 
praeoptans, right wing of individuals showing variations in pat¬ 
tern, somewhat diagrammatic, greatly magnified. 

Fig. 43.—Showing the connection between the S and the inverted 
V bands very weak. 

Fig. 44. — The S band widening downwards and the inverted V 
band widening at the apex to make a wide connection. 

Fig. 45.—The S and the inverted V bands connected at two points. 
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Fig. 46.—A wide connection between the S and the inverted V 
bands and the two arms of the inverted V band connected along the 
posterior margin of the wing. 

Fig. 47.—Same, but the connection between the two bands still 
greater. 

Fig. 48.—Same, but the arms of the inverted V band discon¬ 
nected along the posterior margin of the wing. 

Fig. 49.—The S and the inverted V bands connected at two points 
and the arms of the inverted V band connected along the posterior 
margin of the wing. 

Fig. 50.—Same, but the arms of the inverted V band not con¬ 
nected along the posterior margin of the wing. 

Fig. 51.—Same, the S and the inverted V bands almost connected 
near the tip of the wing in a striking manner. 

Plate XIV 

Figs. 52 to 56.— Anastrepha fraterculus Wied., var. mombin- 
praeoptans, right wing of individuals showing variations in pattern, 
greatly magnified, somewhat diagrammatic. 

Fig. 52.—A very wide connection between the S and the inverted 
V bands and a striking curve of the outer arm of the inverted V 
band. 

Fig. 53 and 54.—Breaking up of the S and the inverted V 
bands by vacuoles. 

Fig. 55.—The two arms of the inverted V band disconnected 
somewhat as described for A. fraterculus by Wiedemann in Brazil. 

Fig. 56.—The two halves of the S band disconnected, a most un¬ 
usual condition. 

Figs. 57-60.— Anastrepha unipuncta n. sp., right wing of individ¬ 
uals showing variations in pattern, greatly magnified, somewhat 
diagrammatic. 

Figs. 57 & 58.—A pattern similar to that of A. fraterculus Wied., 
var.* mombinpraeoptam , (Fig. 1) differing from it only in being 
darker. 

Fig. 59.—The S and the inverted V bands entirely disconnnected, a 
condition seldom if ever occurring in A. fraterculus Wied., var. mom- 
binpraeoptans. 

Fig. 60. —The basal and the S bands entirely disconnected, a con¬ 
dition not observed in A. fraterculus Wied., var., mombinpraeoptans . 
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THE EXTENT TO WHICH THE PRACTICE OF NOT BURNING 
CANE TRASH HAS BEEN ADOPTED IN PUERTO RICO 

By George N. Wolcott, Entomologist , 

Insular Experiment Station, Rio Piedras, P. R. 

For many years, most entomologists working on the problem of 
the control of the sugar-cane moth stalk borer, Diatraea saccharalis 
F., have been of the opinion that the burning of cane trash in the 
field, either before or after harvesting, favored the borer because the 
fire destroyed its natural enemy, the egg-parasite, Trichogramma 
minutum Riley, and have therefore unceasingly recommended to cane 
growers that the trash should not be burned when the fields are to be 
ratooned. Only in Puerto Rico have these recommendations been at 
all widely adopted, but no definite data heretofore have been available 
to show the extent to which the planters were following the practise 
of cutting cane without burning the trash, and raking it into alternate 
rows to permit of cultivation and irrigation of the ratoon cane. 

On April 3d, 4th and 5th, 1933, the writer, accompanied by Mr. 
Richard Faxon, in charge of the local unit of the federal Bureau 
of Plant Quarantine, and Mr. U. C. Loftin, Senior Entomologist of 
Cotton Insect Investigations, U. S. Bureau of Entomology, made a 
trip around the island, and noted every field readily observable from 
the road in which the trash had, or had not, been burned. Before 
giving the figures, it should be noted that non-burning the trash is 
essentially a negative practise, and that the trash had not been burned 
at the time of observation does not by any means indicate or prove 
that it might not be burned later. To more than compensate for this 
error, due to not being able to predict what might happen in the future, 
is the fact that if the trash is burned before cutting, this is readily 
observable even before the cane is cut, and is given credit under the 
heading of “burned”. Furthermore, it is impossible to determine 
until a field is actually being plowed, whether it is to be left for 
ratoons or plowed for planting, and it is quite possible that some 
fields recorded as “burned” will eventually be plowed, and should 
not have been entered. No entomologist has considered recommend¬ 
ing non-burning of trash in fields to be plowed for planting, yet one 
field was. observed at Central Merced^ta, Ponce, which was being fitted 
for planting, and in which, very obviously, the trash had not been 
burned* It should also be noted that the practise of burning cane 

m 
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before cutting is most exceptional in Puerto Rico, yet it had been 
rather widely adopted this year in the northeastern corner of the 
island, where the damage to standing cane caused by the hurricane 
of San Ciprian, September 26-27, 1932, was greatest. In ordinary 
years, such a practise would practically never be followed in this 
part of the island. 

In further explanation of the method used in making the observa¬ 
tions, it should be stated that a field is considered to be any area, 
however large or small, receiving the same treatment at the same 
time. The enormous differences in size of field by this definition, 
might introduce a considerable error if only a few fields had been 
observed; but as the observations numbered five hundred four, it is 
considered that the figures as given present an essentially true picture. 
If the trash is burned in part of a field, and not burned in the other 
part, for the purpose of this investigation it is considered to be two 
fields. 

Method of Disposal of Cane Trash in Fields to be liatooned m 
Puerto Rico, observed at the height of the grinding season (April 3, 
4 and 5) 1933. 

Region Trash not burned Trash burned 


San Juan to Maunabo (Northeast coast)_1 

—- 115 

32 

Maunabo to Ponce (Southeast coast) _ 

— 81 

7 

Ponce to Mayagiiez (Southwest coast)_ 

—- 85 

14 

Mayagiiez to San Juan (Northwest coast)_ 

—_ 146 

24 

Totals--- 

— 227 

77 

Per cent-- 

— 84.7 

15.3 









A YEAR’S EXPERIENCE WITH THE COTTONY CUSHION 
SCALE IN PUERTO RICO * 


By George N. Wolcott, Entomologist 
and 

Francisco SeIn, Jr. 

Assistant Entomologist , 

Insular Experiment Station, Rio Piedras, P. R. 

The most complete yet succinct account of the Cottony Cushion 
Scale, or as it was earlier generally called, the Fluted Scale, and 
its accidental introduction into California, is that written almost 
a generation ago by Dr. C. L. Marlatt(l). This is quoted below en¬ 
tire, with one interpolating quotation from Dr. L. 0. Howard, as 
it gives a picture of how the scale and its control were regarded and 
how this affected the then pioneering industry of citrus fruit produc¬ 
tion in California. 

“Of all the scale insects attacking citrus plants, this species, 
{leerya purrhasi Maskell) is perhaps the most notable, not so much 
from the damage now occasioned by it as from the problems of con¬ 
trol which it has brought to the front and the international char¬ 
acter of the work which it lias occasioned. 

“The facts indicate that Australia is undoubtedly its original 
home, from whence it was introduced on Australian plants into New 
Zealand, Cape Town, South Africa, and California at about the 
same time. The evidence points to its introduction into California 
about the year 1868 on Acci'da latifolia. It is a very hardy insect, will 
live for some time without food, and thrives on a great number of 
food plants. In California it spread rather rapidly, and by 1886 
had become the most destructive of orange scale pests. The damage 
occasioned by it was of such a serious character as to threaten the 
entire citrus industry of the Pacific coast. The nature and habits 
of this insect made it almost impervious to any insecticide washes, 
and the orange growers of California were rapidly losing heart. 

“In 1889 however, through the agency of Mr. Albert Koebele, an 
assistant of this office (the IT. S. Bureau of Entomology), the natural 

* Some of the observations on which this paper is based were made by one writer, some 
by the other, but in most cases they were made jointly by both at the same time. All of 
the rearing work, of the scale and of the lady-beetles, has been conducted by the , junior 
author. For the past year, the senior author has been in charge of the work and the MS 
was written by him. 
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ladybird enemy of the fluted scale was discovered in Australia and 
imported into California. This ladybird Novius (Vedalia) carddnalis, 
multiplied prodigiously, and in a very short time practically exter¬ 
minated the fluted scale, saved the State of California annual damage 
amounting to hundreds of thousands of dollars, and removed this 
scale insect from the roll of dreaded injurious species.”(1) Dr. 
Howard has thus evaluated this accomplishment: “This dramatic 
and extremely useful bit of work was a great thing for scientific 
economic entomology. So striking a success may probably never 
again be achieved in this country. M (2) 

“The beneficial results derived from this ladybird have not been 
confined to California. Through the agency of this Department (the 
U. S. Bureau of Entomolgy), and in cooperation with the California 
State authorities, this ladybird has been sent to South Africa, Egypt, 
Portugal, and Italy, and in each of these countries its introduction 
has been followed by similar beneficial results in the control of the 
fluted scale. 

“While the fluted scale, at the time or soon after its injurious 
record in California, gained access to several foreign countries, very 
fortunately Florida and the Gulf districts remained long free from it. 

“The first and presumably only introduction of this insect into 
Florida was an intentional one, though not malicious, and illustrates 
the risk run in importations of beneficial insects undertaken by per¬ 
sons unfamiliar with the subject. A nurseryman of Hillsboro 
County, Fla., hoping to duplicate against the common Florida scale 
insects the wonderful work of the imported Australian ladybird 
against the fluted scale in California and, ignorant of the fact that 
the ladybird in question did not feed on any of the armored scales 
which he especially wished to have controlled by it, got one of the 
county horticultural commissioners of California to ship him a lot 
of these ladybirds, together with some of the fluted scale as food. 
The whole lot was liberated on his premises and resulted, naturally 
enough, in stocking some of his trees very thoroughly with the fluted 
scale. # The infestation coming to his attention, he sent, in June, 
1894, specimens to the Division of Entomology and they were promply 
determined as the dreaded California scale pest. Fortunately, the 
nurseryman in question realized the enormity of his offense and took, 
at Dr. Howard’s earnest suggestion, immediate and active measures 
to exterminate the fluted scale on his premises, ultimately taking out 
and burning the trees. 

“It was hoped that extermination has been effected* hut four years 
later (1898) the fluted scale was again received from the same die- 
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triet. In view of its quite general spread, as reported, in the im¬ 
mediate region, it seemed improbable that it could be easily exter¬ 
minated, and the introduction of the Australian ladybird was ur¬ 
gently advised. During the spring and summer of 1899 the ladybird 
in question was successfully colonized in Florida by Mr. Gossard, with 
the assistance of Mr. Craw. 

“The fluted scale in Florida evidently does not multiply as rap¬ 
idly as it does in California. Furthermore, as shown by Mr. Gos¬ 
sard, it is attacked by a fungous disease which appears suddenly 
in July and results in the death of from 25 to 70 per cent of the 
partly grown scales. We may hope that with the aid of this disease, 
and by means of the prompt introduction of its natural enemy, the 
fluted scales will never play the role in Florida which it originally 
did in California. 

“The habits and transformations of the fluted scale closely par¬ 
allel those of the species of Lecanium already described. The gen¬ 
eral appearance of the insect, however, is strikingly dissimilar, owing 
to the waxy excretions from the ventral plate of the adult female in¬ 
ject. There are ribbed, or fluted, from whence the insect takes it name, 
and become the receptacle of a vast number of eggs, a single female 
being the possible parent of more than a thousand young. The waxy 
material constituting the egg sac issues from countless pores on the 
under side of the body, especially along the posterior and lateral 
edges. As this secretion accumulates the body is lifted, so that 
ultimately the insect appears to be standing almost on its head, or 
nearly at right angles to the bark. The eggs are laid in the waxy 
secretion as it is formed, the waxy fluted mass often becoming from 
two to two and one-half times as long as the insect itself. The young 
are of reddish color, very active, and spread by their own efforts and 
by the agency of the winds, birds, and other insects. The female 
insect is, for the most part, a reddish orange, more or less spotted 
with white or lemon. 

“The early stages of the male are similar to the corresponding 
stages of the female. Before appearing as an adult, the male insect 
secretes itself in some crack in the bark, or in the ground, and exudes 
a waxy covering, which forms a sort of cocoon, in which the trans¬ 
formations are undergone, first into the pupa and then into the adult 
insect. The winged male is rather large for a coccid, and has a 
reddish body with smoky wings, 

“The rate of growth of the fluted scale is comparatively slow, and 
it does not nomally have more than three generations annually. 
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This insect is quite active, the female traveling and moving about 
very freely nearly up to the time when she finally settles for egg- 
laying. The male is active up to the time when it settles down to 
makes its cocoon. 

“The fluted scale exudes a great quantity of honeydew, and trees 
badly attacked by it are covered with the sooty fungus, characteristic 
of the black scale and the white fly. 

“The remedy for this scale insect is always and emphatically to 
secure at once its natural and efficient enemy, the Novius cardinalis . 
Where this insect can not readily be secured, the scale may be kept 
in check by frequent sprayings with the kerosene or resin washes. 
Fumigation is comparatively ineffective against it, because the eggs 
are not destroyed by this treatment. Spraying is, for the same rea¬ 
son, effective only when it is repeated sufficiently often to destroy the 
young as they hatch.”(1) 

The above account of the cottony cushion scale and of its spec¬ 
tacular control in California has been reprinted here to indicate how 
generally it is considered that the problem of control of this pest is 
thoroly and completely solved. Yet upon examining the more recent 
publications from California, one discovers- that control by the lady- 
beetle Novius, Vcdalia, or Rodolia cardinal is, as it is now called, 
is by no means as effective as the earlier statements would lead one 
to suppose. 

For instance, Prof. H. J. Quayle states that: 

“While the cottony cushion scale is at present a pest of com¬ 
paratively little consequence, it is still one of the commonest insects 
inquired about throughout the entire length of the State where citrus 
trees are grown. While the cardinalis is pretty well distributed over 
the State, and often appears unaided in an infestation of cottony 
cushion scale, yet in many, cases it does not occur, and neither does 
the scale become very abundant; The checking of the scale in such 7 
cases must be accounted for through some other factors. Sometimes, 
too, the beetle is slow in getting the scale under control. On the 
station * grounds at Riverside fifty or seventy-five orange trees have 
been infested with the cottony cushion scale, as bad as occurred 
when the insect was at its height, for at least four years. I)uring 
thif time also the ladybird beetle has been present. The scale be¬ 
comes very abundant each spring when the cardinalis begins work 
and effectively checks them. The beetles are present in April, May, 
and June^. and disappear in July. Some young scales are left and 
those have a chance to multiply and severely infest the trees again 
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before the cardinalis appears in the spring. This has been the history 
of the infestation for the past four years."(3) 

Nor is the relative value of the parasites introduced by Koebele 
finally settled, for, to quote from a recent book by Dr. E. 0. Essig: 
“The dipterous parasite of the cottony cushion scale, Cryptochaetum 
iceryae (Williston), was one of the natural enemies of Icerya pur- 
chasi Mask., introduced by F. S. Crawford and Albert Koebele from 
Australia into California in 1888-9. The adults are 1.5 mm. long, the 
head and the thorax metallic dark blue, and the abdomen iridescent 
green. They are rather slow in movement, crawling slowly over the 
cottony cushion scale inserting one to several minute, oblong, oval, 
smooth, pearly white eggs preferably in the half grown hosts. It is 
thought that a single female may lay as many as 200 eggs. The 
young larvae are curious, semitransparent elongated maggots with 
black mouth hooks, the anterior half of the body bare, the posterior 
half ciliated and with two long tail-like processes often twice the 
length of the body. The full-grown larvae are quite different. The 
body becomes pear-shaped with two horn-like tracheae and the tail¬ 
like processes extended to four or five times the length of the body. 
The color becomes reddish from the contents in the alimentary canal. 
The larvae live freely within the body cavity of the host feeding on 
the body fluids and apparently not seriously inconveniencing it; 
upon reaching maturity, however, the host is eventually killed. Sev¬ 
eral larvae may occur in a single scale insect. Pupation occurs 
within the dead body of the host. The puparia are yellow or red¬ 
dish brown, oval, 2 mm. long, with two horn-like projections. There 
are five or six generations a year. This parasite is often the most 
important natural check on the cottony cushion scale, but because of 
its small size and the concealed manner of attack, it has not been 
given due credit for its efficiency. In the San Francisco Bay region 
it persists where the vedalia has long since passed away and keeps 
the scale insect under almost perfect control. Practically every lot 
of the scale sent to the University for examination shows the work 
of the fly and it is with great difficulty that living specimens of this 
once common and abundant scale insect can be secured fdr student 
study. In Southern California too this parasite has done much of 
the work claimed for the vedalia.!' (4) 

Indeed, the whole problem of, the cottony cushion scale, which 
was at one time thought to be finally settled and decided, is in fact 
still very much of a problem. If this is the condition in California, 
where the insect has been present for so long, and investigators have 
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been working on it ever since it first appeared, one may anticipate 
that its status in a new and entirely different environment may be 
even more subject to unusual and unexpected conditions. 

The first published record of the cottony cushion scale in Puerto 
Rico is a notehy Dr. W. A. Hoffman (6), of the School of Tropical 
Medicine in San Juan, who first observed it on a hedge of casuarina 
or Australian pine, Casuarina equisetifolia, in the patio of the School, 
later noting it generally on this host elsewhere in San Juan. (See 
PI. XV.) This was not the first known occurrence, however, for it 
had previously been collected on rose bushes in Santurce, a suburb 
of San Juan, over a year previously, and determined by Dr. Harold 
Morrison of the U. S. National Museum at Washington. This record 
was not published until July, 1932(6), and then without special 
comment among hundreds of others, mostly of common or well- 
known insects. The early developments in the story of the cottony 
cushion scale in Puerto Rico are best told in an unpublished MS 
prepared by Dr. M. D. Leonard, at that time Chief of the Depart¬ 
ment of Entomology at the Insular Station. He said,— 

“On October 21, 1931, Edmundo Martinez’of the Insular Forest 
Service brought a small twig of Casuarina to the Station bearing two 
specimens of the cottony cushion scale. These had been brought to 
his Station by some woman of unknown name and address in San¬ 
turce, for identification. The extent of the infestation was not known. 
I sent these two specimens to Dr. Morrison under date of October 
21, 1931 (the same day) for determination since I was not sure but 
that this might be Icerya montserratensis. I told Mr. Martinez at 
the time, however, that this was probably purchasi, the injurious 
citrus species, and urged that he and the other foresters be on the 
lookout for it on casuarina. 1 myself had often looked at the casua¬ 
rina at the Forestal in Rio Piedras but had seen no evidence of 
infestation by this or any other insect. 

“On February 16 or 17, 1932, I received from Dr. Morrison a 
letter datfcd February 5, confirming my determination of the casua¬ 
rina specimens as I. purchasi . I saw Mr. Martinez a day or two 
later at the Post Office in Rio Piedras and told him of this and 
asked again that the foresters be on the lookout for it 

“At about the same time I told Mr. Faxon, Chief of the Federal 
Plant Quarantine Office, of this determination and asked that he and 
his inspectors be on the lookout for purchasi on both casuarina and 
Citrus during their regular grove inspections. 

“ Froth then on I personally examined a number of casuarina 
freest and hedges around SantUroe but saw none until the first week 
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in March when in company with Mr. C. E. Pemberton, Chief En¬ 
tomologist of the Hawaiian Sugar Planters’ Experiment Station, a 
light infestation was found on a few casuarina trees next to the Clinica 
Miramar at Stop 10, in Santurce. These were for the most part 
unhealthy looking insects and a considerable proportion of the few 
there had been eaten out by something. 

“At this time I told Mr. Pemberton of the occurrence of purchasi 
here on roses and casuarina (both determined by Dr. Morrison) and 
concluded that it was so scarce and so restricted that nothing be done 
about control at that time. 

“When Dr. Wolcott was in San Juan on March 4 and 5 to attend 
the International Sugar Cane Technologists’ Congress, the infesta¬ 
tion on the casuarina hedge at the Clinica Miramar had not yet 
been noticed. I next saw him on March 11 during the trip of the 
Technologists around the Island and on the 12th at Guanica told him 
of the occurrence of purchasi on roses and casuarina (3 infestations 
total only observed to date) and we examined many casuarinas in 
company with Dr. Pemberton. I still did not think it worth while 
to give this any publicity. 

“I examined casuarinas at all stops in the Island tour between 
that date and March 15 but with negative results. 

“On March 24, I believe it was, Dr. Wolcott wrote Commis¬ 
sioner Colon advising him, on my say-so, of the presence of purchasi 
in Puerto Rico and advised immediate extermination. I did not 
know this had been done however, until March 29. On this date 
T visited Mr. Barbour, Chief of the Insular Forest Service, to tell 
him that we had just recently discovered that the casuarina hedge 
in the Parque Munoz Rivera in San Juan was generally infested 
and that light infestations occurred on one or two other hedges near 
the Union Club in Santurce. We also examined again carefully all 
the casuarina seedlings and larger trees at the Forestal with nega¬ 
tive results. Mr. Barbour showed me a letter from Dr. Wolcott 
under date of March 19 urging that he watch carefully his casuarina 
seedlings in the nursery and saying that he had officially notified 
the Commissioner of the presence of purchasi . 

“About this time Mr. Sein stated that he had found a rather 
bad infestation of what he had taken to be Orthesia insignis on the 
large casuarina hedge ot the Colegio Puertorriqueno at Stop 15 in 
Santurce. The date was on February 26. This was now determined 
however as I, purchasi. He had recommended nicotine sulphate and 
soap. Some “gallego” plants, Polysias Guilfoylei, were also infested i 
there. ' , ' 
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“Based on Dr. Wolcott’s notice of March 24th to the Commis¬ 
sioner, a meeting of the Insular Plant Quarantine Board was called 
on March 31 to consider possible measures to be taken against the 
cottony cushion scale. The history to-date in Puerto Rico was briefly 
reviewed and a resolution was made by Mr. L6pez Dominguez and 
adopted to make a more thoro survey than had already been made 
of citrus and of casuarina especially in the vicinity of citrus groves 
as soon as practical and to determine, if possible, what agents may 
be holding the pest wherever it occurs. 

“The next day, April 1, I visited Mr. Luciano’s home in San- 
turce since Mr. Luciano had written me the day before that he had 
just observed parasites of the cottony cushion scale working there. 
There were present besides myself and Mr. Luciano, Messrs. Pember¬ 
ton, and Anderson and Mills of the U. S. Plant Quarantine and 
Control Administration Office. A dipterous maggot was found work¬ 
ing in the hollowed-out egg-sacks of the scale on the rose bushes 
and in some cases 3 or 4 puparia present in one empty egg-sack. 
Mr. Luciano stated that he had observed these rose bushes infested 
for about 2 years now and that the infestation was lighter now than 
formerly. There was no infestation on a number of casuarinas 
present in his garden. Two or three days later several small Phorid 
flies emerged from specimens of infested scales. This may possibly 
be Syneura cocciphila described from I. purehasi in 1895, from 
Mexico. Specimens were sent for determination to Washington thru 
Mr. Faxon’s office by the boat of April 7. 

“On April 2, Mr. Pemberton and I found that a number of 
scales in the lightly infested casuarina hedge alongside of the Olimpo 
Court Apartments at Stop 10, Santurce, were parasitized by the 
Phorid fly. 

“Upon arrival at the Station Mr. K. M. Fletcher was there with 
a badly infested branch from his grapefruit grove at Palo Seco. He 
said a number of trees were infested, several badly so. Messrs. Pem¬ 
berton aiyl Sein and myself at once visited’ his grove and found 
that at least a dozen or fifteen trees had some branches badly encrusted 
with the insects and a number of other trees were lightly infested. 
Most of the trouble occurred on the first two rows next to a large 
bamboo windbreak along the road. A number of pigeon pea bushes 
next to the first row were also considerably infested. Mr. Fletcher 
stated that he had noticed this infestation over a month ago but it 
had just lately become much worse. He claims to have seen this 
insect present in his grove off and on in small numbers for the last 
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20 years. He had already scrubbed with brushes the larger branches 
of several trees previously, he said, badly infested. 

“I recommended an oil or nicotine and soap spray at once and 
the immediate introduction of the Australian ladybird beetle. 

“April 4 , 1932. In the morning I went with Mr. Fletcher and 
Mr. Wildman (of the Isabela grove adjoining Mr. Fletcher's place) 
to see Commissioner Colon, and recommended introduction of the 
Vedalia beetles. I prepared a cable at once to the Florida State 
Plant Board requesting a prompt shipment of the beetles by air-mail. 

“In the afternoon Fletcher's grove was again examined in com¬ 
pany with representatives of the Insular and Federal Quarantine 
Services, Mr. Pemberton and Mr. Sims of the Nitrates Agencies. 

“ During the next few days I told several of the leading citrus 
growers about the infestation at Fletcher's and showed them speci¬ 
mens of the insect. 

4 ‘On April 8, in company with Messrs. Anderson and Mills, of 
the Federal Plant Quarantine Office, we looked over Mr. John Kohn's 
(at Bayarndn) casuarina windbreak and adjoining grape fruit trees 
as well as a number of rose bushes. Farther along the same road 
we found a light infestation on several trees in a large long casuarina 
windbreak and several grape fruit trees adjoining these as far as one 
tree in the 4th row from the windbreak lightly infested also. The 
Manager could not be located that afternoon. 

“By previous arrangement I received from the Post Office in San 
Juan that night the shipment of 150 Vedalia puparia from Florida. 
They left Gainesville on the afternoon of the 5th. 

“April 9 , 1932, I had arranged to distribute the Vedalias in 
Mr. Fletcher’s grove the first thing in the morning but was instructed 
by the Director to await the arrival of Dr. Wolcott who had been put 
in charge of the cottony cushion scale campaign by order of the 
Commissioner. 

“ Api'il 10, 1932. The Director, Dr. Wolcott and 1, released most 
of the Vedalias in Fletcher’s grove in the morning—twelve boxes of 
them. Two boxes were put out on infested trees recently discovered 
in the adjoining Isabela grove and two were taken back to the Stu-, 
tion. We then visited Mr. John Kohn and later arranged with the 
Manager of the Guildermeister grove nearby to start spraying with 
oil at once.” 

All the known occurrences of the cottony cushion scale in Puerto 
Rico up to that time were in San Juan and Santurce, or in citrus 
groves a few miles west along the coast, and widely separated by 
swampy marsh land, pasture or cane fields from the main citrus 
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producing section of the Island. The area was so limited in extent 
that for a time it seemed possible that the insect might be absolutely 
exterminated, if effective measures could be brought to bear upon it. 
The real difficulty was to determine what measures would actually 
be effective in extermination. A study of available literature showed 
only control measures, not extermination. By general admission, the 
lady-beetle Rodolia was only relatively effective, always leaving a 
few scales after cleaning up major infestations. Spraying was ad¬ 
mittedly ineffective, and recommendations as to what to spray were 
vague and unsatisfactory. All that one could be sure of was that 
pruning of infested branches and destruction by fire of infested 
hosts would certainly eliminate those scales at least. Such treatment 
was quite practical in some cases, but hardly applicable generally 
in Isabela Grove, the largest single citrus property on the Island. 
As a matter of fact, however, the infestation in this grove was soon 
found to be so general that both spraying and pruning were gen¬ 
erally adopted, and temporarily held the pest in check. In the 
adjoining grove, Mr. Fletcher had had little success in spraying with 
prepared oil sprays, consequently the old fashioned “cold-stirred” 
emulsion, with an excess of whale oil soap, was used in Isabela Grove. 

Thru the co-operation of Mr. Fletcher and Mr. Kohn, a power 
sprayer was made available for immediate use by the Department 
of Agriculture in spraying casuarinas in San Juan, and as soon as 
funds were made available in the next fiscal year, a new power sprayer 
was purchased for this work. The conduct of spraying operations 
was under the supervision of Mr. Adolfo Mayoral, who previously 
had considerable orchard-spraying experience. He carried On exten¬ 
sive experiments to determine the relative merit of various sprays, and 
as a result, later sprayings were confined to the use of “Kerecide”, 
a local preparation of standard composition which used fusel oil as 
stabilizer. His experiments showed that no spray is of much value 
during showery or rainy weather j but during dry weather, this heavy 
oil spray gives close to 100 per cent control. San Juan is an islan d, 
and most of the infestations in Santurce are close to the ocean, in 
some eases the casuarina trees being actually on the beach. It is 
under such conditions that the heavy oils give best results. Little 
is known about the effectiveness of this or other sprays under inland 
conditions, for up to the present no similarly extensive inland in¬ 
festations have been available for experimentation. 

Spraying and pruning operations havingbeen gotten under way 
in localities where infestations were known to exist, (he next step 
was to determine, if possible, all infestations. All available means 
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of publicity were used. Dr. Jaime Bague, Sub-Commissioner of Agri¬ 
culture, made announcements over the local radio broadcasting sta¬ 
tion. He also supervised the preparation of a poster, showing by 
reproductions of photographs of the insect on casuarina, what the 
insect looked like and requesting that all suspicious material be sub¬ 
mitted for inspection. The text of the poster is as follows: 

GRAVE PELIGRO PARA NUESTRA AGRICULTURA 

La Cochinilla Blanca ha aparecido recientemente en los pinos australianos, 
roeales y toronjalee de San Juan y bus cercanias. 

Esta plaga es sumamente peligrosa; pues on una 6poca casi acab6 con los 
naranjos en el Estado de California. 

Si usted encuentra dicho insecto en su jardln o en su huerto, ponga varioa 
ejemplares en un frasco y envielo a la Estacidn Experimental Insular, Bio Pie- 
dras, P. R. 

Coopere con nosotros a salvar la industria de toronjas de Puerto Rico que 
representa millones de ddlares para el pais. 

A short descriptive article was circulated by both the fruit-grow¬ 
ers’ organizations, and write-ups appeared in San Juan newspapers. 
The aid of the Boy Scouts of the San Juan region was enlisted. 
Regional meetings of the Agricultural Agents were held in Rio Pie- 
dras, Isabela, Ponce and Guayama, at which they were shown photo¬ 
graphs,of the insect (no live material was carried around the Island), 
and instructed to be on the constant look-out for infestations. While 
en route between these meetings, the senior writer inspected many 
casuarina trees, especially along the east and northeast coast. Later, 
a special inspection was made of the casuarinas and orange trees 
along the beach east from San Juan as far as Rio Grande, the re¬ 
sults being entirely negative. 

The immediate returns from this publicity were encouragingly 
meagre. A few spider webs on casuarina needles were submitted by 
one anxious citrus grower, for these webs in size and color at least 
superficially resemble mature scales. Mr. Mariano Mari, in charge 
of the Demonstration Farm near Arecibo, noted an extensive infes¬ 
tation of the native cottony scale, Icerya montserratensis Riley & 
Howard, on orange, which he thought might be mixed with Icerya 
purchasi because many of the scales lacked the long waxy projections 
secreted by the native species. (See Plate XVI.) His suspicion was 
shown to be justified, when, a few days later, another infestation 
of Icerya montserratensis, on a single citrus tree at the Poultry Sub- 
Station at Pueblo Viejo, was discovered to be mixed with the Aus¬ 
tralian species. Several other large infestations were soon after¬ 
wards found in Pueblo Viejo, and a number of infestations in the 
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main Bayamon citrus district. A suburban resident on the Trujillo 
Alto road reported some scale on a rose bush which had been presented 
• to him by a friend in Santurce. Scales were also found on the 
casuarinas besides the Las Monjas racetrack between Rio Piedras and 
Santurce. All of these new records, however, were in the immediate 
vicinity of San Juan, and except in the one case where the scale 
had obviously been carried on the host, were to the west and south¬ 
west. No infestations were found to the east or far to the south, 
indicating that normal dispersion was resulting from the prevailing 
winds (from the east and northeast), and that this was by far the 
most important single factor in dispersion. (See Plate XVII.) 

Even before the results of the publicity campaign were beginning 
to come in, Dr. Hoffman reported another infestation on causarina 
and citrus, west of Dorado, ten or twelve miles in an airline from 
San Juan and seven or eight miles west of Isabela Grove. At first 
this seemed to be an isolated outbreak, but later and more careful 
observations in this region disclosed an infestation in a few citrus 
trees just outside of Dorado. That only two infestations were dis¬ 
covered in this region is largely due to the scarcity of appropriate 
hosts, most of this region being in cane, pasture or coconuts. Their 
presence, however, and the complete absence of infestation east of 
San Juan, despite an abundance of suitable hosts, confirms the 
original observations on the importance of the prevailing wind as 
an agent in dispersion. 

I Farther west of Dorado than Dorado is west from San Juan, a 
1 small infestation was much later discovered on a windbreak of 
5 casuarinas in the hills back of Barceloneta, on the Florida road. This 
might have resulted from the scale being carried on an automobile, 

' for the casuarinas were close to the main road into the grove, but it 
; seems more likely that this infestation represents another chance 
wind infestation, a jump of at least twenty miles from the nearest 
other known infestation. / 

Just as the prevailing wind is the most important factor in 
natural dispersion of the cottony cushion scale, so humidity is the 
most important factor determining abundance. The north coast of 
Puerto Rico, where all known infestations of cottony cushion scale 
occur, has an annual rainfall of from 50 to 90 inches. The distribu¬ 
tion of the rainfall is by no means uniform thruout the year, and in 
general the late winter and the spring months are the dryest. The 
cottony cushion scale has unquestionably been present for several 
years in Puerto Ricoy but it appeared in noticeable and distinctive 
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abundance only during the exceptionally dry spring of 1932. As the 
spring advanced, new infestations were discovered every few days* 
and despite a strenuous campaign of spraying and pruning, new areas 
of even denser infestation were constantly appearing in unsprayed 
parts of groves. The limited numbers of the Australian lady-beetles 
that could be released seemed quite unable to make an impression in 
the unsprayed areas where they had been released. During February, 
March and the first three weeks in April, 1932, less than an inch of 
rain per month fell anywhere in the infested area, and it was towards 
the end of this prolonged drought that the scales became most 
numerous. 

The situation changed in May, 1932, when the average rainfall 
for the region was nearly 13 inches, and during June, July and 
August, averaged over 7 inches per month. For periods of four 
or five days at a time, rainfall would be almost continuous, and 
humidity would remain high, even when rain was not actually fall¬ 
ing. Temperatures were also high during most of this period, not 
only during the day but all night long. It was a most uncomfortably 
hot and humid summer for people living in and near San Juan, and 
it was deadly for the cottony cushion scale. In citrus groves well 
protected by windbreaks, humidity remained high at all times, and, 
fortunately for the growers, most of the infestations were in wind¬ 
break-protected blocks. Isabela Grove, despite its proximity to the 
ocean, is exceptionally well protected, for the citrus trees were orig¬ 
inally planted in clearings thru primeaval forest, and this natural 
windbreak has been constantly reinforced since. When the grove 
was examined in July, not a single live .scale could be found. When 
one considers that thousands of trees in this extensive property had 
been infested only two and a half months previously, and new out¬ 
breaks were constantly being discovered on unsprayed trees so fast 
than all the spraying equipment available could not treat them, the 
contrast was amazing. A few lady-beetles had been released in this 
grove, but not a trace of them could be found in July, and their 
presence at any time could have been only a very minor factor in 
the elimination of the scale. Practically all of the infestations were 
found covered with a greyish-white fungus, never before observed 
in Puerto Rico. Thru the courtesy of Miss Vera K. Charles, this 
fungus was identified as Spicaria sp, and Mr. E. West of the 
Florida Station states that it is identical with what they call Spicaria 
javamca. 

Very heavy infestations of limited extent on citrus trees in pockets 
in the hills around Bayamon showed even more beautiful examples 
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of complete and very recent destruction of the scales by this fungus* 
Its distribution was not extensive at first, however, and on one scale 
infestation discovered at this time on a citrus grove in Pueblo Viejo 
which had shortly previously been sprayed with Bordeaux, none of 
the fungus was to be observed. The owner brought leaves and twigs 
covered with fungus-killed scale from Isabela Grove, and placed 
them in one tree, otherwise untreated, between others which he 
sprayed with kerosene emulsion. Two weeks later, all the scale* 
had been killed on the tree where the fungus had been introduced, 
while many scales were still alive on the sprayed trees. Naturally 
the owner was enthusiastic about the value of the fungus, and he 
was rapidly placing leaves with fungus-killed scale in all parts of his 
grove. Fortunately for the success of his experiment, humidity re¬ 
mained high for several weeks thereafter, and when examined a month 
later, not a single live scale could be found in his grove. Another 
report of scale infestation, which Could not be examined immediately, 
was later found to have been completely eliminated by the fungus. 

Continuously high humidity for several days is absolutely essen¬ 
tial for the successful use of Spicaria. This was abundantly demon¬ 
strated in one grove where the scale infestation extended from a 
knoll-protected hollow to the top of a wind-swept hill. Within a 
few weeks, not a scale was to be found in the hollow, but as on* 
went up the hill, infestations increased in intensity. The citrus 
grove at Dorado was very imperfectly protected from the wind, and 
here the fungus never appeared. Its requirements of humidity a*e 
more exacting than of a similar entomogenous fungus, Cephalospo - 
Hum lecanii, which in the nursery at Dorado killed many hemis¬ 
pherical scales, Saisettia hemispherica Targioni, and green scales, 
Coccus viridis Green, on young seedlings also infested with cottony 
cushion scale. Experimentally, smears of its spores rubbed on scales 
on casuarina trees by Dr. Mel. T. Cook, of this Station, gave entirely 
negative results in control. Apparently casuarina trees, generally 
planted as windbreaks, retain with their needle-like leaves too little 
humidity on themselves to permit of this fungus being of much value 
for killing scales on them. Temperature is not so important, for 
even at minimum winter (tropical) temperatures, Spicaria is at 
least partially effective, as was later indicated in a grove at Baya- 
m6n> observed in January 1933, with many freshly killed scales. 

The entomogenous fungus, Spicaria javamca, is by far the most 
imix>rtant factor in control of cottony cxDshMm scale during rainy 
Weather and under generally humid conditions; It is, however, not 
Ifes: Agency atUcking the scale in addition to the introduced 
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lady-beetles. Mention has already been made, in Dr. Leonard’s MS 
report, of the discovery of Phorid flies attacking and developing 
within mature scales, and his tentative determination of these flies 
was later confirmed by Messrs. C. T. Green and J. E. Mall^ch as 
Syneura cocciphUa Coquillet. 

“The next most important natural enemy in Puerto Rico is the 
lace-wing fly, Chrysopa collaris Schneider. The trash-carrying larvae 
were usually found feeding in colonies of the scale, often commonly 
so, and a number of adults were reared. The pupal period occupied 
only 5 or 6 days. 

“The common lady-beetle, Cycloneda sanguined L., was frequent.lv 
found feeding both as adult and larvae on the scales and the larva 
of a moth, undoubtedly Ereuntis minuscula Wlsm. was several times 
observed making heavy inroads where the scales were thickly en¬ 
crusting twigs or small branches.”(7) 

Even more interesting was the discovery by the junior author, 
who was handling all the rearing work of the lady-beetles, that., 
among the scales brought in from Dorado as food for them, a fev, 
much smaller lady-beetle larvae were already present. They pupated 
when less than half the size of Rodolia larvae, the adults emerging 
being small, light red beetles, quite different from Rodolia cardinalis 
in size and color markings, and indeed differing from anything in 
the Station collection. They were entirely light red in color, except 
for black eyes, a black spot on each elytron, and a black margin at 
the base of the elytra and extending for a short distance along the 
sutural margin. The first specimens reared were sent to Washing¬ 
ton for determination and Dr. Chapin replied that they were a 
new species. Later, additional immature material was collected at 
Dorado, which, together with other adults, was sent to the National 
Museum, where technical descriptions have been prepared by Drs. 
Chapin and Boving (8 and 9 ), the insect being named Decadiomus 
pictus Chapin. 

A minute wasp parasite, Cheiloneurus pulvinariae Dozier, as de¬ 
termined by Mr. C. F. W. Meusebeck, was reared from cottony cushion 
scale by the junior writer in May, 1932. This parasite was originally 
described by Dr. Dozier from material reared from a soft scale of 
sugar-cane, Pulvinaria icerya Newstead, but which he considered as 
being “a hyperparasite on the primary parasite of this scale, Aphy- 
cus fkmus, with which it is always reared. ”(10) 

The original host in Puerto Rico of both this and the other re¬ 
cently discovered insects predaceous and parasitic on cottony cushion 
scale is the not very common native cottony scale, Icerjja montserra- 
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fensis R. & II. The larvae and adults of Rodolia will also feed on 
this native scale, at least in captivity and indeed a few of them have 
been reared on this scale when a sufficient supply of the Australian 
species was not available. The Phorid fly, Syneura cocciphila was 
originally, according to a letter from Dr. Aldrich, “collected from 
Icerya purchasi at Victoria, Mexico, October 16, 1894; Magdalena, 
Sonora, Mexico, September 26, 1894; Tamaulipas, Mexico, November 
30, 1894. These are records from the type material. Other speci¬ 
mens (in the National Museum collection) are from Sao Paulo, 
Brazil, collected by A. Hempel, January 1899, from Icerya brasihen- 
sis.” To this is now added the rearing record from the native scale. 
One parasite which has been reared only from the native scale is a 
small yellow Braconid wasp, of which the antennae, eyes and wing 
veins are black, determined by Mr. C. F. W. Muesebeck as Rhyssalus 
brunncivcntns Ashmead. 

The high humidity of the late spring and early summer of 1932 
was not only highly destructive of cottony cushion scale, but it also 
made the artificial rearing of the predaceous Rodoluv lady-beetles 
extremely difficult. In all discussion of the rearing work, it must 
be kept in mind that no infestation of cottony cushion scale occurs 
within several miles of the Experiment Station at Rio Piedras, and 
it was not considered a desirable policy to establish colonies there 
in the open, w r hile facilities for rearing large supplies of food for 
the lady-beetles were not available under cover. Consequently, scales 
had to be brought in from elsewhere to feed the beetles, and often 
most of the scales collected at this time were either dead or dying 
from fungus attack, or became infected immediately they were 
brought to the insectary. In this emergency, the casuarina hedge in 
the patio of the School of Tropical Medicine, where Dr. Hoffman had 
first observed the scale, and where it was still abundant, proved of 
great value in keeping a supply of the beetles alive. Only a few 
pairs were released there originally, but they throve to such an ex¬ 
tent that their progeny soon spread to adjacent scale-infested casua 
rina trees of the grounds around the U. S. Army barracks. By the 
middle of September, hundreds of pupae could be collected here, and 
releases of beetles were made in all citrus groves where infestations 
of the scale still existed. The combination of fungus in windbreak 
protected groves, with lady beetles in those where protection from the 
wind was less perfect, had by the middle of September 1932, reduced 
infestations in citrus groves to insignificant numbers. Indeed, it 
was rapidly becoming difficult to find places where beetles could be 
released to advantage, for the supply of food in sight for them was 
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so limited. Had such conditions continued for only a short period 
longer, absolute extermination, which seemed so visionary six months 
previous, might have become a fact. 

In certain groves, the destruction of cottony cushion scale by 
Spicaria javanica, not only approached, but actually was 100 per cent 
perfect. If such conditions had been general, the problem would 
have been solved. In reality, however, certain parts of infested 
groves were so poorly protected by windbreaks that the fungus had 
little effect, and on the casuarina trees and hedges of San Juan and 
Santurce, none at all. In a very few cases the Rodolia beetles de¬ 
stroyed every scale insect present, but in most cases a few scales would 
be found even where beetles were repeatedly released. It was ap¬ 
parent that there was not enough food present to feed many lady- 
beetles or their larvae, but they usually failed to eat up even that 
little. Where only a few scales were left on a small tree, these 
could be destroyed by hand-picking; but to care for other infesta¬ 
tions on larger hosts, or widely scattered in a grove, some other 
means must be used. The statement of Prof. Essig regarding the 
relative efficiency of the Agromyzid fly. Cryptochaetum iceryae , and 
Rodolia* (already quoted), was so unequivocal that it seemed desirable 
to attempt the introduction of this parasite into Puerto Rico, and 
see if it would clean up what the beetles left. Mr. S. A. Rohwer, 
Acting Chief of the U. S. Bureau of Entomology, referred the re¬ 
quest for a shipment of these flies to Dr. Stanley E. Flanders of the 
Citrus Experiment Station, Riverside, California, for favorable action. 

This was the picture in the latter part of September, 1932: cot¬ 
tony cushion scale absolutely eliminated in some groves where it had 
previously been very abundant, and greatly reduced everywhere else 
thru the activities of the lady-beetles, of which an over-abundant 
supply was available for release and distribution. Even had the 
beetles failed, we knew what spray would give greatest effectiveness 
in control under local conditions, and an adequate sprayer and a 
trained spraying crew was available for any emergency. In addi¬ 
tion, a shipment of the Agromyzid parasite, Crytochaetum iceryae, 
was confidently expected in the near future. To be sure the distribu¬ 
tion of the scale was quite extensive* but the situation was entirely 
under control and only time and a continuance of well organized 
activities were needed to successfully complete the campaign. 

During the night of September 26-27, 1932, the hurricane of San 
Cipri&n swept the northern coast of Puerto Rico and entirely changed 
the status of the cottony cushion scale. As was reported by the 
senior writer immediately afterwards, the hurricane had but little ef- 
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feet on soil insects, or on those living where they were well protected 
against its onslaught, but scale insects of all kinds suffered greatly. 
“The trunks and branches of trees exposed to the full force of the 
wind are smoothed of rough bark and all projections in a most sur¬ 
prising manner. Of course some scales persist in the crotches and 
on the petioles of leaves, but the breaking off of leaves, twigs and 
larger branches causes an immediate decrease in their numbers only 
exceeded by the mortality caused by the direct action of the wind 
and rain in rubbing the insects from their host. ”(11) Not only 
such large, fluffy and easily dislodged scales as Icerya purchasi were 
blown off of their host, but those with a tough, hard scale, closely 
appressed to the host, were also carried away. It was the rule, and 
not the exception, that 95 to 99 per cent of all the purple scales, 
Lepidosaphes beckii Newman, on citrus trees in the region affected by 
the hurricane, were removed overnight. In the next few weeks after 
the hurricane, no sign of cottony cushion scale could be found, even 
on hosts known to have been infested before the hurricane. Of course 
not every egg and every crawler had been destroyed, but it was a 
matter of months before the few surviving individuals could be found. 

So far as can be determined from observations made in the fol¬ 
lowing six months, the hurricane did not extend the distribution of 
the scale at all. No new infestations have been found since the hur¬ 
ricane, and apparently its actual effect it to destroy all those blown 
off the host, and not to carry them uninjured to a new host, miles 
away. The force of the hurricane wind is too great, and is destruc¬ 
tive, rather than dispersive, of these soft, fluffy insects. 

Just a month after the hurricane, a shipment of scales heavily 
infested with Cryptochaetum iceryae was received. This shipment 
was mailed at Riverside, California on October 18th, 1932, and was 
delivered at the Station in Rio Piedras on the 25th, having been sent 
by air-plane mail. Thirty flies had already emerged en route, and 
these were released on the date of receipt in two, protected casuarina 
hedges in Santurce where a very few large cottony cushion scales had 
survived the hurricane. For the next weeks, releases were made of 
twenty or thirty flies every other day in every place where scales 
were known to have been present before the hurricane, even tho none 
could be found at the time of release of the parasite. A few weeks 
later, when scales were more apparent, daily hand collection wad 
organized in San Juan and Santurce, but not afly emerged from 
any of this material collected where the releases had been made Nor 
were any flies reared from scales collected in citrus groves Where 
releases had been made, and it appears probable that the introduction 
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was a failure, largely because the sending was received at a time when 
so few scales were available to be parasitized. 

This imported Agromyzid fly was not the only insect dependant 
on cottony cushion scale, of which greater numbers were present im¬ 
mediately after the hurricane than could be fed. Because of lack of 
food for them, or any means of obtaining it, all the live Rodolia 
beetles at the Station had to be released in a citrus grove in Bayam6n 
which before the hurricane represented the heaviest infestation Of 
scale known at that time. Besides these beetles in captivity, some 
in the open also survived the hurricane. That casuarina hedge in 
the patio of the School of Tropical Medicine, on which Dr. Hoffman 
had first observed the scale on this host, and on which Rodolia was 
breeding at the time of the hurricane, was so well protected against 
the force of the wind by the three story building of the school as 
to be practically undisturbed. On October 6th, ten days after the hur¬ 
ricane, about thirty fresh (unemerged) beetle pupae were noted on 
this hedge. They were not collected for release of the beetles elsewhere, 
for scanty as was the prospective supply of food for them on this 
hedge, just then it represented more of large scales than was present 
is all the rest of Puerto Rico. These few Rodolia beetles were all that 
survived the hurricane, and practically all of their progeny perished 
soon after from lack of food. 

So far as is known, Rodolia) beetles survived the post-hurricane 
scarcity of food in only one place. In January 1933, a single beetle 
was noted by Mr. Richard Faxon on some scale infested pigeon pea 
bushes growing across the street from his office in the Ochoa Building, 
possibly a mile to the west of the School of Tropical Medicine. In 
the next few weeks, a number of fresh (unemerged) pupae were col¬ 
lected here, to form the nucleus of renewed breeding operations at 
the Station. 

Thru the courtesy of Dr. C. L. Marlatt, Chief of the Bureau of 
Entomology, a shipment of Rodolia beetles was received from the 
Cottony Cushion Scale Laboratory of the Bureau, at New Orleans, 
being mailed there by Mr. A. W. Cressman on February 7th, 1933, 
and received at the Station in Rio Piedras on the morning of the 
11th. This shipment contained 35 pupae when it left New Orleans, 
several of which transformed to adult en route, and all arrived alive 
and vigorous. Combined with the few beetles collected from the 
pigeon pea bushes opposite the Ochoa Building, this shipment gave 
the Station an ample supply for breeding, so that hundreds of beetles 
were ready for release by the middle of the spring bf 1933. 
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The hurricane of San Cipri&n unuestionably destroyed 99 per cent 
or more of all the cottony cushion scale alive in Puerto Rico on Sep¬ 
tember 26, 1932, And for the first few weeks afterwards, no scale could 
be found. But a few individuals had survived, and in the succeed¬ 
ing months they were able to reproduce more rapidly than before 
because the hurricane had even more completely swept away their 
natural enemies, even including windbreaks. At first it seemed as 
tho it might be possible to destroy these few survivors, and a careful 
and intensive search was made in every place where the scale was 
known previously to have been present, and every individual dis¬ 
covered was collected or destroyed by hand. Young scales were found 
in various protected locations on the host, between petioles and twig, 
in crotches, and in greatest numbers at the edge of the callus grow¬ 
ing over the wound where a branch had been sawed off. An obvious 
clue to their discovery on citrus trees was a line of the fire ant or 
“hormiga brava”, Solenopsis geminata F., which had promptly 
adopted this Australian immigrant, and entered into even more 
active symbiosis with it than with most native soft scales and mealy¬ 
bugs. As a general rule, citrus trees with no ants are free from 
“honey-dew” producing mealybugs or soft scales. Where ants were 
present, young colonies of cottony cushion scale (or some other soft 
scale, or mealybug) were almost invariably present also. The hur¬ 
ricane had doubtless destroyed much of the usual food of the fire 
ant, and they were in consequence especially solicitous to preserve 
and care for any insect able to provide them with “honey-dew”., In 
numerous cases they were observed to have built a structure of carton 
and earth over young colonies of cottony cushion scale located on 
callus margins of wounds, such structures being reminiscent of hur¬ 
ricane sheds, or “ tormenteras ”, altho all were constructed after the 
hurricane, rather than before. Gradually, as the citrus trees put out 
new leaves, the scales began to appear exposed on the new leaves 
and on twigs, having left their pseudo-tormenteras and no longer 
receiving such intensive care from the ants. 

During the remaining months of 1932, the numbers of the scale 
increased slowly, but with the beginning of dry weather in the early 
months of 1933, a very considerable increase in their numbers became 
apparent. In not a single place had the scale been entirely* de¬ 
stroyed, despite constant watchfulness and hand Collection. The 
Earlier outbreaks on casuarinas in San Juan and Santurce were con¬ 
trolled by spraying, and by organizing a system of daily hand col¬ 
lections from a few trees which were not sprayed, an adequate supply 
of food was maintained to rear and have ready for general distribu- 
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tion hundreds of Bodolia beetles early in March. Because such an 
abundance of the beetles, lacking in 1932, was available and was 
released this year, no such tremendous increase in abundance of the 
scale as occurred in the spring of 1932, paralleling the practical ab¬ 
sence of rainfall, was to be expected this year. Approximately three 
thousand beetles were released in March, April and May of 1933, ef¬ 
fectually checking all incipient outbreaks and so thoroly cleaning up 
others as to almost approximate local extermination. 

SUMMARY 

1. The Cottony Cushion, or Fluted Scale of Australia, Icerya 
purchasi Masked, is known to have been present on rosebushes in 
Puerto Rico since early in 1931, and presumably had been present 
for some time previously. 

2. It first appeared in noticeable and destructive abundance on 
casuarinas (Australian pines) in San Juan and Santurce, and in 
citrus groves mostly less than ten miles to the west and southwest of 
San Juan, during the exceptionally dry spring of 1932. 

3. Natural dispersion of the scale is by the prevailing north-east 
winds: from the original focus in San Juan and Santurce to the 
west and southwest. 

4. In the citrus groves well protected by windbreaks, the scale was 
entirely eliminated by an entomogenous fungus, Spicaria javanica, 
never before recorded from Puerto Rico, which attacked it during 
the extremely wet weather of May 1932, and persisted during the 
following humid summer months. 

5. The Australian lady beetle, Bodolia (Novius) cardinalis Mul- 
sant, brought to Puerto Rico by airplane from Florida and later 
from New Orleans, is reasonably efficient in cleaning up scale infes¬ 
tations in less humid locations, such as exposed citrus groves, and on 
casuarinas growing close to the ocean or planted to serve as wind¬ 
breaks. 

6. Of native parasites, the most important is a Phorid fly, 8y- 
neura cocciphila Coquillet, originally described from Mexico, and 
never before found in Puerto Rico. The scale is also attacked by a 
wasp, Cheiloneurus pulvinariae Dozier, described from Puerto Rico, 
and by a small lady-beetle, Decadiomus pictus Chapin, a new and 
previously undescribed species. 

7. During dry weather, almost perfect control is obtained by~ 
spraying with a standard heavy engine oil-fish oil soap emulsion, of 
which fusel oil is the stabilizer. 

8. Except in special instances where especially we41 protected by 
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high buildings, all the large scales and practically all the small 
scales were carried away and destroyed by the hurricane of San 
Cipri&n, September 26-27, 1932. A few scales in protected locations 
on their hosts escaped destruction and were later able to increase 
rapidly in abundance because the hurricane had been even more de¬ 
structive of their natural enemies. 

9. So far as can be determined, the hurricane had no effect in the 
dispersion of the scale, 

List of Illustrations: 

plate xv 

The Cottony Cushion Scale, Icerya purchasi Haskell, on Casuarina 
or Australian Pine, Casuarina equisetifolia. Natural Size. (Photo¬ 
graph by Guillermo Rodriguez.) 

PLATE XVI 

The Cottony Cushion Scale, Icerya purchasi Maskell, (left) and a 
native cottony scale, Icerya montserratensis Riley & Howard, (right) 
on Casuarina or Australian Pine, Casuarina equisetifolia. Twice 
natural size. (Photograph by Guillermo Rodriguez.) 

plate xvii 

The Known Infestations of the Cottony Cushion Seale, Icerya 
purchasi Maskell, in Puerto Rico, before the Hurricane of San Ci- 
pri&n, September 26-27, 1932: 

Smaller cities and towns referred to in the text indicated by cir¬ 
cles; infestations by solid black areas. (Original.) 

plate xviii 

Outline map of Puerto Rico showing by Dots the Extreme Limits 
of Dispersion of the Cottony Cushion Scale, Icerya purchasi Mas¬ 
ked. For details of exact location of infestations, see PI. XVII. 
(Original.) 
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RECENT EXPERIMENTS IN THE CONTROL OF TWO 
PUERTO RICAN ANTS 


By George N. Wolcott, Entomologist , 

Insular Experiment Station, Rio Piedras, P. R. 

The control of ants in temperate zones is a comparatively simple 
matter, for ants there affect man directly mostly as household pests 
(and to only a minor degree in decreasing crop production), and 
against them in houses, simple and familiar methods of control have 
long been in use. As a natural consequence, comparatively little at¬ 
tention has been given to devising any new remedies. When a foreign 
ant, such as the so-called Argentine Ant, with most injurious habits, 
and not susceptible to the time-worn and “old reliable” methods of 
control, does become established, adequate study of its habits and 
individual preferences eventually shows how it may be controlled 
(1). A comparable result may be confidently anticipated in the 
tropics when the importance of the various economic species is 
recognized and the control of each is considered a separate and 
distinct problem. To be sure, numerous species of ants are house¬ 
hold pests in the tropics, but some of the same, or often quite dif¬ 
ferent species are of much greater importance as factors in affect¬ 
ing crop production. Their habits are often, in the main, similar to 
those of the ants of temperate zones, ’but in other cases are so com¬ 
pletely different that they are only slightly inconvenienced if the 
methods of control so successfully used elsewhere against other species 
are tried out against them. Even, and in many cases especially, the 
Argentine Ant syrup—devised for use against this one ant and 
against no other—is a failure. The fundamental difficulty is that the 
most diverse of tropical ants are lumped together as one kind of 
insect, against which one standardized method of control should be 
effective. As a matter of fact, they are as different and individual 
in their habits as tho they belonged to different orders of insects. 
In Puerto Rico, the country people speak of and recognize several 
kinds of ants, and most of them know at least the following : 

1. “albaricoque”, Tapinoma melanocephala P. 

2. “albayalde”, Wasmannia auropunctaia Roger. 

3. “barraco”, Odontomachu$ haematodes L. 

4. “hormiga brava” Solenopsis gemimta P. 

5. “hormiga loca”, Prenolepsis longieornis Latreille. 

6. “hormiguilla” Myrmelachista ambigm ramulorum Wheeler. 

2-23 
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To be sure, this is hardly more than a tenth of the total number 
of kinds of ants found here by Dr. Wheeler (2), but it includes all 
the common and distinctive species. That so many can be dis¬ 
tinguished by an ordinary person is the surest indication that in their 
activities, or some other factor affecting man, they are essentially and 
fundamentally different. 

Of all the species of ants present in Puerto Rico, the fire ant or 
“hormiga brava” is by far the most abundant generally, and af¬ 
fects man in the most varied ways. It is a pest in citrus groves and 
in pineapple plantations, and as these crops earliest received atten¬ 
tion at the newly organized Agricultural Experiment Station at 
Mayagiiez, the first economic study of the hormiga brava in Puerto 
Rico was conducted there (3). The slender circular (undated and 
with not even the place of publication noted) detailing the results 
of these studies has long been out of print. Because the method of 
control there given is today just as effective and practical as when 
first devised, it is here reprinted without change. It should be noted, 
however, that the common mealybug of pineapples, in Puerto Rico 
as elsewhere, is Pseudococcus hrevipes Cockerell. 

PORTO RICO AGRICULTURAL EXPERIMENT STATION 
D. W. May, Special Agent in Charge 
Circular No. 7 

Control or the Brown Ant 
(Solenoptis geminata, Fab.) 
and the 
Mealy Bug 

(Pseudococcus citri t £isso) 

IN PINEAPPLE PLANTATIONS 

The brown ant and the mealy bug are at present doing considerable damage 
to pineapples. The brown ant aloUe seldom does any real damage; it is when 
it accompanies the mealy bug that the destructive work begins. 

These ants are always found where mealy bugs are present, not eating the 
plants themselves, but attending the mealy bugs, carrying them from place to 
place, distributing them over the new leaves, and, as a reward for their labor, 
obtaining the honey dew which is secreted by the mealy bug. A few cases have 
been observed where the mealy bugs were so numerous that they irritated the fruit 
to such an extent that the juice began to run. This was eaten by the ants and 
they th^n continued to eat into the fruit, puncturing it and getting more of the 
juice. Some of these fruits were packed and shipped to New York, while others 
were kept at the Station. The fruits shipped to New York broke down and were 
unsalable. On examining a number of fruits after ten days, whieh is equal to 
the time elapsed in shipping, it was found that a fungus had gained entrance 
through these minute holes, causing the pines to break down. 
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LOCATION OP ANTS’ NESTS 

Ants generally attack the outer rows of plants first, gradually working in 
towards the center of the patch. The outer rowB and borders of a pineapple 
field should be carefully watched and all ant hills destroyed as soon as found. 

The nests of the brown ant are found in almost any part of the pineapple 
plantation; around the base of the plants, under the roots between the rows and 
in the paths, but more often they are found around the roots of the plant. When 
the nest is under the plant, the ants often carry sand and earth up into the plants 
and build other nests in leaf axils. 

Upon examining these nests a great many mealy bugs are to be found. These 
are tended by the ants and distributed by them over the young leaves, and 
from plant to plant. 

Before the flower stalk develops, the mealy bugs are found on the leaves 
around the center of the plant, especially between young leaves which are very 
close together, as these afford better protection for the insect. On fruiting plants, 
the mealy bugs are found on the flower stalk, also around the base of the fruit, 
and very often on the fruit itself. 

NOTES ON SPRAYING 

Kerosene emulsion, with a small amount of crude carbolic acid has given 
the most satisfactory results in killing the mealy bugs and the ants. Extensive 
tests with crude oil sprays have been made but none of these emulsions have 
proved as effective in killing the ants and mealy bugs as emulsions made with 
a low grade of kerosene oil and crude carbolic acid. 

Formula for Spraying Pineapples. 

2 gallons of kerosene 

1 pint of crude carbolic acid 

Y 2 pound Fairbanks Blue Cloud Soap, or Good Gaustic Potash Soap. 

1 gallon of water 

First put the oil in a barrel.* Then dissolve the soap in the water with the 
carbolic acid by boiling, and pour into the barrel. Mix tho whole with a spray 
pump by pumping back into the barrel for half an hour. A creamy mixture will 
be obtained which should hold up for from two to three weeks. This is to b'e 
used as a Btock emulsion. Use 1 gallon of stock emulsion to 8 gallons of water. 

ANTS’ NESTS UNDER PLANTS 

When there is an ants’ nest directly under and around the plant, it is best 
to spray the nest first. If this is not done, the first drops of spray falling from 
the plant will startle the ants and they will immediately begin to move out carry¬ 
ing their young with them, and in this way many will escape the spray. When 
the nest is large, it is suggested that it be sprayed and then broken up with the 
nozzle forcing the spray down into the nest. In this way few ants have a chance 
to escape, but, as many of them are away feeding at the time, it is^ necessary 
to spray again the next day when the remaining ants will be busy building a 
new nest. * This new nest is built close to the old one. All nests in the paths 
and between banks should be treated in the above manner. 

An extension rod about three feet long is very handy in spraying pines, and 
an elbow is also advised so that the spray may readily be turned down between 
the leaves. 
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There is a time iu the life of the pineapple plant when it should not be 
sprayed, that is, when the fruit bud is forming. At this time the bud is very 
delicate and any spray which will kill the mealy bug or ant, is liable to injure 
the bud. The spray does not gflways kill the blossom, but the fruit may develop 
without a top or crown. Fruits which have formed and stopped blossoming may 
be sprayed, but great care should be taken. 

As the mealy bug is found between the central or the new leaves of the 
pine, a nozzle which throws a line but forcible spray 1 is ideal. The nozzle should 
not throw a spray which spreads over a great area, but one which can be directed 
down between the leaves, reaching a depth of eight inches and not spreading 
over an area of more than four inches. It is not the amount of spray that kills, 
but the spray that hits the mealy bug with force enough to remove the mealy 
coat and thus saturate the skin of the insect. 

As the heart leaves of a pineapple are very small and lay very close to the 
next set of leaves, it is recommended that the nozzle be placed against one of 
the second row of leaves, thus spraying the outBide of the heart leaf and the 
inside of the next leaf at the sale time. There are generally three sets of these 
leaves which come together in the above manner. It may seem impracticable to 
spray in this way, but, if the nozzle is not inserted between the heart leaves, 
the mealy bug will not be killed. To spray in this way takes a little longer than 
filling the crown, but after one has become accustomed to the work, it can be 
done very quickly. 

When pines are sprayed in this manner the emulsion runs down over the 
central portion of the plant, filling up the crown and gradually running down 
around the roots. 

W. V. Tower, 

Entomologist. 

Mr. Tower, continuing his observation on the hormiga brava as 
it affected citrus growing (4), states that on fruits, ‘ 4 the scars made 
by ants are altogether different from those produced by the Wind, 
the former being deep-seated and caused by the insects removing 
some of the epidermis and eating into the fruit. 

“ There are several species of ants which feed upon the nectar 
secreted by the orange blossoms. The brown ant and the little black 
ant are especially fond of the nectar. These two species have been 
seen working in the blossoms in the early morning, sipping the nectar, 
and toward noon, when it has been exhausted, attacking the un¬ 
opened blossoms, or young fruit. Some cases have been observed 
where the green calyx leaves were eaten so badly that the fruit drop¬ 
ped. In other cases the pistil was ehewed off and the fruit never 
developed. Again, the brown ant sometimes cuts holes in the young 
fruit." 

* i * Ants do more damage during years when there is scanty bloom 
or when the bloom extends over a prolonged period, as they eat the 
fruit when hot supplied with sufficient nectar. 
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“Ants are always found where the white fly and the Lecanimn 
scale are present* They attend these two insects to obtain the honey- 
dew secreted by them. When their supply of food is suddenly cut 
off, ants often attack the young, tender shoots of the orange, eating 
them at the point where they join the branches. They also eat young, 
tender leaves, and a few cases have been observed where they had 
cut holes in ripe fruit. Under these conditions much damage is 
done* They also carry sand up around the base of the trees, and 
when there is scant food supply they gnaw the bark of the tree 
where it is covered by their sand houses. Often when pineapples 
have been removed from between rows of orange trees ants attack 
the latter in great numbers, scarring the trees, eating young, tender 
shoots and cutting holes in the fruit. 

4 ‘ When they appear in this way they must be killed by spraying. 
The simplest and most inexpensive spray that has been used is car¬ 
bolic acid soap. The following formula has been used with great 
success: 


Water. ____I quart 

Soap (Good’s caustic potash or whale-oil, or Fair- 

bank’s blue-cloud soap)_V 2 pound 

Crude Carbolic Acid, 100 per cent (dark)_1 pint 


*‘ Dissolve the soap in water and add the crude carbolic acid, then 
add sufficient water to make two quarts. This should be used as a 
stock solution, using one pint of the stock to six gallons of water. 

“In spraying for ants it is advisable to locate the nests and 
destroy the ants by spraying down into them. A second spraying 
is always necessary the following day, as many of the ants are away 
from their nests at the first spraying. In spraying large nests it is 
a good plan to first spray a circle around the nest and then to spray 
directly into it, thus making it impossible for the ants to crawl out 
and insuring their being killed by the emulsion. M 

In the following years, when the Yothers formula for making the 
<f cold-stirred ,, engine oil emulsion had been generally adopted by 
titrm growers for the control of scale, it was found that by adding 
a small amount of crude carbolic acid (one pint to 25 or 50 gallons 
spray, or one-half to one-quarter of 1 per cent), this oil spray could 
he made also toxic to ants, and for an extended period would protect 
tfaetrees sprayed with It from ant attack. Numerous growers, es- 
those in whose groves ants were especially troublesome, came 
^ addtbe crude carbolic acid as a Toutine practise* It must bo 
1 $^ was not exactly popular, for ill effect is 10 
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quickly rot the rubber gaskets and other rubber parts of the spraying 
apparatus coming in direct contact with the spray. In other re¬ 
spects, however, crude carbolic acid meets every requirement, for it 
is cheap, easy to apply and unquestionably effective in killing ants. 
In the case of many insecticides, a purer or finer (and more expen¬ 
sive) grade of poison is necessary if injury to the plant is to be 
avoided, but in the case of carbolic acid, the effectiveness resides 
largely in crudities present with the acid. Consequently, the dark, 
unpurified and cheapest grades (containing the smallest amounts of 
carbolic acid) are the most desirable for insecticidal purposes. 

A little later, when commercial manufacturers began placing oil 
emulsions or “miscible oils ’ 9 on the market which were equally ef¬ 
fective in killing scale, and much easier to use because they need 
only to be diluted with water, many growers ceased to make up 
their own sprays and relied entirely on the commercial product. 
Some of these contained some crude carbolic acid, added by the 
manufacturer for ease in making the emulsion and not for any in¬ 
secticidal value the substance might have, but others contained none. 
No stress was laid on whether the product did, or did not, contain 
enough crude carbolic acid to kill ants, and in general, most growers 
did not consider this factor in making their selection from the numer¬ 
ous products recommended primarily (and usually solely) for killing 
scales. Of course, most groves on the Island are mature and estab¬ 
lished now, and suffer less noticeable ant injury; but in nurseries and 
young groves ants are no less abundant or injurious than they have 
been formerly, and the need for a means of control is just as great 
as ever. Theoretically, the problem of control of hormiga brava by 
means of crude carbolic acid emulsion is solved; practically, from 
the standpoint of large growers who no longer make up their own 
spray concentrates, it is not. 

Of the poisons which have come into more general use since the 
war, the one which has been used with the greatest success in ant 
control is thallium sulfate. Considerable newspaper publicity at the 
time was given to. successful demonstrations in destroying ants by 
means of. a thallium syrup, conducted in the White House by Dr. R. 
T. Cotton, formerly of this Station. He furnished a small amount 
of this expensive and most virulent poison for conducting experi¬ 
ments in the control of the hormiga brava in Puerto Rico. His meth¬ 
ods (5) were followed exactly at first, using the formula of one- 
'fourteenth of an ounce of thallium sulfate dissolved by boiling in a 
pint of water, to which is added a pound of sugar and three ounces 
Of honey. A trial Tfea$ made of the paraffined pill boxes which he 
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had found useful as containers for the syrup. These containers 
serve reasonably well in houses, if not disturbed by children, pets or 
servants, but out-of-doors in citrus groves, they quickly go to pieces. 
The experiments were continued with paraffined paper cups, all of 
one piece of tougher paper, over which a cap fits, manufactured es¬ 
pecially for this purpuse by the Antrol Laboratories of Los Angeles. 
Such cups were used in all later experiments and were much more 
.satisfactory. The experiments were conducted in the small citrus 
grove back of the Sub-Station building at Isabela, and in lawns and 
flower gardens near-by. In all cases, the ants appeared to feed on 
the syrup at first, but so far as one could judge, were but little af¬ 
fected by it, and .soon learned to avoid it entirely. The results were 
uniformly discouraging, for in no case was even a small colony of 
ants completely destroyed, and no apparent impression was made on 
larger colonies. If the cup was placed at the entrance of the nest, 
the ants constructed a new entrance several feet away. If a fresh 
cup was placed at the new entrance, this also was deserted. One large 
colony in a lawn constructed six new entrances thus in succession, 
and while some of the ants may have been killed by the poison, no 
permanent reduction in their numbers was observable. If the cup 
was placed at the base of a citrus tree, where the ants were ascend¬ 
ing and descending, they soon moved their line of march so as to 
avoid coming near the cup, and if another cup was placed in the 
new line of march, this also the ants soon learned to avoid. A final 
and definite experiment planned in the citrus grove at Isabela, laid 
out at the time of the experimenter’s departure, appeared to be a 
complete success, when examined about two months later. This ap¬ 
parent success was entirely due, however, to the trees and nests hav¬ 
ing been sprayed by the mayordomo with crude carbolic acid emul¬ 
sion a few days previous to examination. He had given up hope 
of the thallium syrup having any effect, and was determined to save 
the trees from ant injury by a method of the efficiency of which he 
had been convinced by demonstration on the main block of trees. 

In most marked contrast of the uniform failure of thallium out 
of doors, the syrup was most unexpectedly successful when used in 
the house, and has since proved uniformly valuable in every experi¬ 
ment since conducted. A cup of syrup placed on the line of march 
of ants going from their nest to a ^garbage pail, food safe, bread box 
or refrigerator, will, within a few hours, eliminate them entirely from 
their chosen food, and in less than a day they will cease to visit the 
cup of poison syrup. Weeks later they may again return, but putting 
the cup out again on the line of march will dispose them more . 
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quickly than before. The syrup is of nq value when placed with or 
beside the food, but when several feet nearer the nest than the food, 
works with almost magical effect. Collapsible tubes of this syrup 
can be purchased locally and can be recommended to housekeepers 
who are not interested in the home preparation of the poison syrup. 

While these experiments were being conducted, reports of the 
successful use of this poison syrup in the citrus groves of the Bio 
Grande Valley of south Texas were received (0), and Mr. C. EL 
Behse, Jr., of the Gulf States Chemical Co. of Harlingen, Texas, 
came to Puerto Rico to try out some of the mixtures which had 
proved so successful in south Texas. His experiments in the citrus 
groves here were no more successful than those conducted by the 
writer, and as a result of their failure, he submitted additional mix¬ 
tures, of varying composition, to be tested here. One of these was 
his standard dry pellets in a collapsible tube, another the syrup in 
a tube, a third a combination with dried blood, and a fourth, an 
unknown mixture, dark in color. All of these were placed at the base 
and higher up in the crotches of large citrus trees near the beach at 
Dorado, all trees being heavily infested with hormiga brava. After 
several weeks, they were replaced with fresh tubes. As the supply of 
tubes containing the unknown were exhausted, these were replaced 
with a mixture of thallium acetate and ground meat. In some cases, a 
possible diminution in the number of ants might be imagined on some 
of these trees, especially those on which the standard syrup was 
present, but in no ease was it sufficiently marked to be considered 
H constituting even commercial control. After several months,^ ad¬ 
ditional fresh tubes and thallium acetate and meat were placed on the 
trees, but after the lapse of several more months, no more definite 
results consequent on the presence of the poison could be observed 
than before. * 

As a final conclusion to this poison experiment, to parallel a simi¬ 
lar experiment previously conducted with the “hormiguilla”, a mix- 
ture of Hamburg steak and sodium eyanide was placed at the check 
trees, which had not previously been treated with any poison. The 
action of .the fresh meat on the cyanide is to cause the immediate 
* liberation of hydrocyanic acid gas, which kills all the ants coming 
anywhere near the meat Within a few minutes after application 
thousjnds of ants were killed, but some were still ruimii^ ahppt a 
few hours later, and when the trees were examined a few Weeks^ later, 
Some of the colonies appeared even larger before. Before mak¬ 
ing a fresh application of meat and cyanide, all the 
W»h*d away, *> that 
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in dose contact with the base of the tree and no ants descending to 
their nest could avoid it. Within a few minutes thousands of ants 
were killed, and by moving the bits of meat about so that they rested 
beneath runways not at first covered, all the ants in sight were soon 
killed. Brushing away still more of the sand and exposing some of 
the ants in the nest, these also were quickly killed by placing the 
meat in their midst. As an indication of how rapid was the action 
of the poison when properly applied, the case should be mentioned 
of one tree which had been densely over-run with hormiga brava 
tending cottony cushion scale. After a few minutes, it was so com¬ 
pletely freed of ants that it could be ascended with safety, without 
danger of being bitten. Meat unmixed with cyanide is very attrac¬ 
tive to hormiga brava, but no ease was noted of the ants attempting 
to eat the poisoned meat. In this respect their action was very dif¬ 
ferent from that of the “hormiguilla”, a slow-moving, phlegmatic 
ant which remains quietly in one place eating the poisoned meat 
until overcome by the hydrocyanic acid fumes. The action of the 
cyanide and the meat rapidly destroys the great majority of the 
foraging workers, but some remain uninjured and unaffected deep 
in the ground. Thus the colony is greatly weakened, but not ex¬ 
terminated. It is not an especially cheap or simple method of killing 
ants, but it was some satisfaction to see some dead ants after vainly 
putting out thallium mixtures for so many months. Indeed, it is no 
more effective than dusting the nests with calcium cyanide dust, a 
much simpler method of .obtaining the same result: the immediate 
destruction of the great majority of the ants. 

The local agency handling the thallium tubes manufactured by 
Mr. Behse’s company reported one rather considerable sale of them 
to a citrus grower near Barceloneta. He reported that his experi¬ 
ence with them had been most successful, and his grove was visited to 
determine, if possible, the cause'of his success. The tubes had been 
placed in a young grove after the ground between the trees had been 
tboroly cultivated in preparation for growing vegetables, and after 
the young trees had been thoroly sprayed, so that most of them were 
at least commercially free of scale. It is hardly surprising, therefore 
that after nine-tenths of the ant nests had been broken up*by plowing 
and cultivation, and the main source of food for the ants (the honey 
dew from the Soft scales on the ‘citrus trees) removed, the few sur> 
yivors had been destroyed by the poison bait. In every case where 
all the scales on a tree had not been killed by spraying* it wa£ 
InW with ants, indicating that the successful 

the poison were in reality largely due to starvation 
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The thallium tubes may be of some value in carefully cultivated and 
sprayed young groves, but they are really a minor factor in ant 
control. Even better resuits might much more easily and cheaply 
be attained by adding the requisite amount of crude carbolic acid to 
the oil emulsion spray used to kill the scale. 

The “ hormiguilla’’ or coffee shade tree ant, Myrmelachista am - 
iigua ramulorum Wheeler, is a small ant with reddish-yellow thorax 
and blue-black head and abdomen that “ nests in populous colonies in 
the hollow twigs of trees, especially the sea-grape and < t torchuelo ' ’ 
(2), but in coffee groves it nests in the older guaba or guami, (Inga 
vera and Inga laurina) trees, and when these are heavily infested, 
it also attacks the coffee trees. The ants eat out irregular longitu¬ 
dinal tunnels in the main trunk and branches of the trees and seldom 
live in colonies in dead wood. In some compartments of their tun¬ 
nels they rear their young, in others they care for mealbugs, Pseudo- 
coccus citri Risso, or the peculiar pink fleshy scale insects, Cryto - 
stigma inquilina Newstead, that suck sap from the tree and secrete a 
honey-dew which is very attractive to the ants. The most noticeable 
outward indication that coffee trees show of their being infested with 
the hormiguilla is a peculiar swollen, warty growth of bark where 
the lateral branches join the main trunk. The tunnels of the hormi¬ 
guilla are discontinuous and seldom of uniform size. Parts of the 
infested branches will be entirely uninjured, while in other places the 
tunnels will be so broad as to greatly weaken the trees, so that they 
are easily broken in storms or when the berries are being picked. 
The scale insects and the mealybugs which the ants care for and 
largely depend on for food, obtain their nourishment from the sap 
of the tree, and even a light infestation of the hormiguilla reduces 
the vitality of the coffee trees so that they produce only small crops. 
A heavy infestation kills the top branches, and very rarely the entire 
tree is killed. Most growers "consider the hormiguilla the most se¬ 
rious and destructive insect pest in their groves. 

The old guaba and guamd trees in a coffee grove are the centers 
from which the ants go out to establish other colonies in the coffee 
trees, and the destruction of these old trees and the planting of new 
shade will eliminate the hormiguilla for several years. The smoke 
Of charcoal fires has no effect on the hormiguilla, except, naturally, 
»that many ants perish when the trees in which they have been Bving 

are cut down and used in making charcoal,._ 

v But the cutting down of these old shade trees is not Always prac¬ 
ticable, and In such cases the number of hormiguilla nesting in them 
can be very considerably reduced by poisoning them. Because the 
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hormiguilla has no one main nest, and because most of the ants re¬ 
main within their tunnels in the tree most of the time, comparatively 
few are killed by a spray of carbolic acid emulsion, or by dusting 
with calcium cyanide. Altho the ants feed on the sweet excrement 
of their mealybugs and scale insects, they are not attracted by 
poisoned sweet substances' prepared by man for their destruction. 
The Argentine Ant syrup they ignore entirely. But it was observed 
that they are attracted by dead insects and bird droppings that hap¬ 
pen to occur on the leaves of infested trees, and when bits of meat, 
fish or cheese are placed on the trees, these are soon surrounded by 
ants feeding upon them. After numerous experiments with various 
kinds of poisons, it was discovered that potassium or sodium cyanide, 
powdered and mixed with meat would attract and kill the hormi¬ 
guilla. The ants stay within their tunnels when it is rainy, and can 
not be enticed out even by fresh meat, and no poisoning should be 
attempted except during dry weather. At such times, a mixture of 
one pound of meat with two ounces of powdered sodium cyanide may 
be applied in the form of little shelves beneath the places where the 
ants arc abundant, where the bark is rough or there are cuts in it 
to which the plastic mixture will adhere. The moisture and acid of 
the meat reacts on the poison to set free a very poisonous gas, hydro¬ 
cyanic acid, which is lighter than air, and therefore kills only the 
ants that are above the little shelf. The gas acts on the ants promptly, 
but if they fall to the ground, they will eventually recover from its 
effects. But if the meat is placed in the form of a shelf so that the 
ants overcome by the poisonous fumes do not fall off but remain 
within its influence for even a few minutes longer, they will be dead. 

During the years 1923-24 extensive experiments in this method 
of destroying the hormiguilla were conducted. Three applications of 
poisoned meat, at intervals of two or three days, killed practically all 
of the ants on a rather lightly infested guama tree near Mayagiiez. 
On three other trees, much more heavily infested, the same number 
of applications killed many more ants, but considerable numbers sur¬ 
vived. An experiment was started in November and continued 
throughout the winter and spring on a large jagiiey tree in the 
Ciales valley near Manati, which was heavily infested with hormi¬ 
guilla. In all, eight applications (Nov. 5, Dec. 13, Dec. 28, Jan. 14, 
March 3, March 17, April 3 and April 8) of the poisoned meat were 
made, using a pound of meat and one or two ounces of poison for 
each application. Altho enormous numbers of ants were killed, and 
at each successive application the decrease in the ant population 
was noticeable, yet the applications were made at too great intervals' 
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for maximum effectiveness, and the tree was still somewhat infested 
at the time the last application was made. 

As the experiment was continued, certain refinements of methods 
were adopted. By smearing the very smallest amount of unpoisoned 
meat about half an inch above the point where the poisoned meat 
shelf was to be placed, the ants could be induced to collect there and 
be overcome by the fumes of poison rising from the shelf beneath. 
The hydrocyanic acid gas is generated in the greatest quantity in 
the first few minutes after the cyanide is mixed with the meat, and 
is most effective the more promptly it can be applied to the tree. It 
continues to be generated for several days, but in much smaller 
amounts after the first few hours. If the meat does not dry out, it is 
effective for a considerable period, and has been observed to kill ants 
five hours after application. Also, the poisoned meat begins to 
harden soon after mixing, and the more promptly it can be applied, 
the more easily it can be shaped into a shelf, and the better it sticks. 
Thus, during the later experiments, only half a pound of meat and 
an ounce of poison were mixed at a time, the second half pound being 
mixed and applied some time later. Prom one shelf, the dead ants 
were collected and found to number 2,400. If all the shelves were 
a; favorably located, and killing with this efficiency, the total num¬ 
ber of ants killed on a large tree would be enormous. The ants killed 
should weigh almost as much as the meat, for their dead bodies pile 
up on the shelves so as to bulk larger than the shelves themselves, 
when not blown away by the wind. 

This method of killing hormiguilla, despite the enormous numbers 
of ants killed, does not destroy the colony, and merely reduces the in¬ 
festation. But their numbers can be so greatly lessened that old 
guaba and guamA trees which can not readily be removed, may safely 
be retained in the grove, if repeated applications of poisoned meat are 
made at intervals of a few days during dry weather. In practise, 
the use of ground meat and cyanide- is too expensive and troublesome, 
and is not sufficiently effective to be whole-heartedly recommended to 
coffee growers generally. So far as known, it has never been used 
commercially, and, indeed the need for any artificial method of de- 
. stroying the coffee shade tree ant was largely obviated, temporarily 
at least, by the hurricane of San Felipe, which blew down most of 
the older and larger shade trees in the coffee groves of the Island. 

As the young shade trees grow larger however, they begin to 
harbor injurious numbers of hormiguilla, and eventually the problem 
of their economical control will again become pressing* Thus, at the 
tame time that experiments were being conducted, witlx' 
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fate against hormiga brava, parallel ones were started with this 
substance against the hormiguilla. A guama tree, well infested with 
the hormiguilla was found only a short distance from the Sub-Station 
at Isabela, and preliminary experiments were commenced on it. The 
sulfate of thallium is very sparingly soluble in water, but it was 
hoped that a small amount of the finest powder mixed with ground 
fresh meat might dissolve. Judging by the results of the first experi¬ 
ment, none did so, for no apparent diminution was noted in the size 
of the colony after several weeks. "When the poisoned meat was first 
placed on the tree., the ants swarmed about in their characteristic 
manner, devouring it greedily, but picking out and discarding any 
particle of the poison, minute to us but enormous to the ant, found 
mixed with meat. As the obvious cause of the failure of this ex¬ 
periment was that the poison was not in solution, a small amount of 
powder was cooked up with Campbell’s mock turtle soup, and boiled 
until it was a thick paste. The ants were not the least bit deceived 
by the pseudo-meaty flavor of this mixture, and paid absolutely no 
attention to it. 

Shortly after the ignominious failure of these experiments, Mr. 
Behse suggested the use of one of the more soluble compounds of 
thallium, stating that, in his experience, vastly more than the amount 
of thallium acetate necessary to kill ants would dissolve readily in 
the amount of liquid present in fresh beef. For his own work he 
had not even considered this poison as being commercially practical, 
on account of its cost, but suggested that the small amount necessary 
for carrying out the preliminary experiments might be obtained from 
the Ore and Chemical Corp., 40 Rector St., New York City. Eventu¬ 
ally, after some delay, for the poison had to be specially ordered and 
imported from the factory in Germany, an ample amount for experi¬ 
mentation was received thru the courtesy of this company. In the 
meantime, however, the experimenter had been transferred to Rio 
Piedras, in the near vicinity of tvhich no hormiguilla infested trees 
are available for conducting experiments. After vainly examining 
numerous guaba and guama trees, it was finally decided to use the 
historic jagiiey tree in the Ciales valley near Manati, for, in the 
course of the years which had elapsed since the close of the experi¬ 
ments with meat and cyanide on this tree, the colonies of hormiguilla 
had again become populous. 

The first tentative application* of a freshly prepared mixture of 
about a third of a pound of hamburger steak and two or three grams 
of thallium acetate on the trunk of this jagiiey tree was made on 
August 4, 1932, The ants swarmed out to feed op the meat with 



236 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE OF P. R. 

their accustomed eagerness, and apparently were unaware that it 
had been mixed with a most powerful poison. To test their percep¬ 
tion of the presence of the poison, an additional amount was dusted 
on the level portion of one bit of meat where they were feeding, and 
even while it was dissolving in the meat juices, the ants continued 
to eat. 

At the time the application was made, the sun was shining 
brightly, and the trunk of the tree was dry, but a few hours later the 
sky became overcast, and during the afternoon and following night 
several showers fell. None was of sufficient size or duration to get 
more than a part of the trunk of the tree wet, and when examination 
was made the next day at noon, it was found that one effect of the 
rain had been to keep the meat from drying out, and many ants 
were still feeding on it. Some of the bits of meat had been fashioned 
into shelves, because the experimenter had become accustomed to 
moulding them into this shape when cyanide was mixed with the meat, 
and on these shelves, numerous dead ants were, to be seen. 

The second application of half a pound of steak and five ounces 
of thallium acetate was made three weeks later on this tree, in many 
cases on top of the dry remains of the meat applied previously, but 
also further around its enormous trunk. The ants came to the meat 
eagerly, but not in such large numbers on the part of the tree 
previously treated. A third application was made between two and 
three weeks later, ants still being numerous on all parts of the trunk. 
Ten days later a fourth application was made, and it was then for 
the first time noted that the ants were not especially numerous, and 
seemed not especially eager to eat the meat. The hurricane of San 
Cipri&n occurred on September 26-27, 1932, and no opportunity to 
visit the jagiiey tree was available until October 20th. Some of the 
larger branches of -the tree, amounting to possibly a third or a fourth 
of its bulk, had been broken off by the hurricane, but the trunk was 
uninjured, and many of the larger branches and small twigs were 
intact. Very few hormiguilla were to be seen,, and even when fresh, 
unpoisoned, meat was placed on the trunk, no ants came to it. The 
remainder of half a pound of steak was poisoned and applied in the 
usual manner, mostly in new locations, but this brought out only a 
few ants. Of course, the hurricane by blowing away so many branches 
had considerably decreased the ant population of the tree, but this 
decrease would be only approximately in proportion to the amount 
of the branches so removed. By comparison with the number of 
ants present two months previously, a conservative estimate was that 
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99 per cent of them were gone, and most of this was undoubtedly 
due to the thallium acetate. 

The tree was later examined on November 30th, and while the 
trunk was still entirely free from ants, a considerable number could 
be found in the tips of twigs, in the part of the tree most distant 
from the trunk, where the poison had been applied. That the ants 
should have thus persisted in the tree indicates the difficult nature 
of the problem of hormiguilla control, for the ant population of a 
large tree consists, not of a single large colony, but of a large number 
of separate colonies, not sharply delimited, but each having com¬ 
munication only with its immediate neighbors. All the needs of the 
members of these colonies are supplied by resources close at hand, 
and apparently those inhabiting the twigs have little or no inter¬ 
course with those on the trunk. Nevertheless, the experiment in¬ 
dicates that commercial control of the hormiguilla: reducing the 
number of these ants present on the shade trees to such an extent 
that they do not overflow to the surrounding coffee trees, is now in 
sight. 

How practical control by means of a proteid mixed with thallium 
acetate will be, how it will work out in practise in coffee groves, and 
how long such control will be effective, are points yet to be determined. 
Experiments were promptly started in coffee groves, but the Station 
at Rio Piedras is most unfortunately located for initiating, continuing 
and observing such work in coffee groves, and the actual operation 
has necessarily been turned over to the Agents of the Extension 
Service who are located in coffee regions. 

The three most important factors in determining the adoption of 
any method of insect control are: (1) non-injuriousness to host, (2) 
effectiveness, and (3) cost. In thus analyzing the value of the thal¬ 
lium acetate meat bait mixture for hormiguilla control, it should be 
noted that thallium is poisonous to vegetation as well as to ani¬ 
mal life, but in the small amounts used, no effect at all has been 
noted either on the trees on which it was applied, or on the sur¬ 
rounding vegetation. Effectiveness appears to be close to perfec¬ 
tion, altho it is yet much too early to say anything about per¬ 
manence. The third factor—cost—is unquestionably high in the 
present stage of development of this method of control, but may be 
very considerably reduced as cheaper and more desirable substitutes 
for fresh hamburger steak, and simpler methods of application are 
devised. The poison itself is admitted expensive, but Such minute 
quantities are needed that it is not the major item in total cost. ,. In¬ 
deed, in these experiments, the steak at 18 cents a pound was more 
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expensive than the thallium that was mixed with it. Thallium sul¬ 
fate is now extensively used in California and Hawaii in rodent con¬ 
trol, and in south Texas in ant control, and it is only a third cheaper 
than the acetate. The present price of thallium acetate is some¬ 
thing under $11 per pound in hundred pound lots, or a little over two 
cents a gram. Up to the present there has been no commercial' de¬ 
mand for it, but if other uses for it are developed, this price may be 
somewhat reduced. It is quite possible that even smaller amounts per 
treatment would be effective if the poison could be more thoroly 
mixed with the bait. A uniform mixture would be ensured by the 
use of a meat jelly, semisolid at ordinary temperatures, but liquid 
at the higher temperature at which the solution of the poison is 
added. By the addition of other substances, the jelly could be given 
other desirable qualities: greater adhesiveness and less tendency to 
dry out rapidly after application, or to spoil if not used immediately. 

SUMMARY 

1. Under local conditions, experiments have indicated little value 
for thallium compounds and mixtures against the hormiga brava, 
Solenopsis geminata F., out-of-doors. In-doors, the thallium sulfate 
syrup has been just as uniformly successful as out-of-doors it is a 
failure. An emulsion of crude carbolic acid, either alone or mixed 
with kerosene emulsion or the engine oil emulsion sprays used for 
scale control, is still the cheapest and most effective insecticide to 
use against this ant in citrus groves, pineapple plantings and vegetable 
gardens. 

2. Against the hormiguilla, Mymnelachista ambigua ramulorum 
Wheeler, a bait consisting of ground meat and thallium acetate is 
very effective, and gives promise of being adopted commercially 
when cheaper and simpler methods of application are devised. 

BIBLIOGRAPHY 

1. Barber, £. R., “The Argentine Ant: Distribution and Con¬ 
trol in the‘United States”. U. S. Dept. Agr. Bull. 377 , pp. 23, fig. 
*4, table 1. Washington, August 18, 1916. 

2. Wheeler, Wm. M., “The Ants of Porto Rico and the Virgin 
Island^.’. Bull. Amer. Mus. Nat. Hist., 24 , (Art. 6): 117-150, fig. 
4* pi. 2. New York, 1908. 

3. Tower, W. V., “Control of the Brown Ant (Solenopsis ge- 
mimtdi Fwb.j and thfe Mealy Bug (Pseudococcus oitri^ Bisso) m 



EXPERIMENTS IN THE CONTROL OF TWO PUERTO RICAN ANTS 239 


Pineapple Plantations. Porto Rico Agr. Expt. Sta. Circ. No. 7, pp. 
3. (Mayagiiez, 1908). 

4. Tower, W. V., “Insects Injurious to Citrus Fruits and Meth¬ 
ods for Combating Them”. Porto Rico Agr. Expt. Sta. Bull. No. 
10, pp. 35, pi. 3, many refs. Washington, May 8, 1911. 

5. Cotton, R. T. & Ellington, G. W., “A Simple and Effective 
Ant Trap for Household Use”. Jour Ec. Ent., Vol. 23 (2), 463- 
464, fig. 1. April 1930. 

6. Clark, 8. W., “The Control of Fire Ants in the Lower Rio 
Grande Valley”. Texas Agr. Expt. Sta. Bull. 435, pp. 12, fig. 4, 
tables 4, ref. 5. November, 1931. 




THE LIMA BEAN POD-BORER CATERPILLARS OF 
PUERTO RICO 

By George N. Wolcott, Entomologist , 

Insular Experiment Station, Bio Piedras, Puerto Bico. 

The three species of pod-boring caterpillars which attack lima 
.beans in Puerto Rico constitute the greatest obstacle to the profitable 
production of this crop. Thus, an economic study of these cater¬ 
pillars has been one of the main entomological projects at the Isabela 
Sub-Station ever since lima beans were planted there. Careful and 
detailed observations were made there on beans planted in the late 
spring of 1931, to determine the relative abundance of the cater¬ 
pillars in different varieties of beans. On beans planted in the 
fall of 1931, comparable observations were made on their relative 
abundance in fields sprayed with Bordeaux mixture and magnesium 
arsenate, and in fields that were not sprayed at all. On beans planted 
in the spring of 1932, observations were made on sprayed and un¬ 
sprayed beans, and on proximity to alternate hosts of the caterpil¬ 
lars. In an extension of this spraying and alternate host experiment, 
to which was added treatments with nicotine and pyrethrum, on 
beans planted late in the fall of 1932, final results have just been ob¬ 
tained. As the net result of these observations and experiments, it 
can now be definitely stated that no method of control of these pests 
is known. Indeed, all those suggested as likely to result in at least 
partial control are found by experiment to be valueless. Before con¬ 
sidering the experimental evidence in detail, however, it may be de¬ 
sirable to give a general discussion of the insects, and especially of 
distinguishing characters of the three species of caterpillars and their 
habits as affecting the possibility of control by any of the means at 
present in common use. 

The term “pod-borer” refers to the habit of these caterpillars of 
entering the pod when they are very small, and thereafter feeding 
entirely within the pod, remaining there thruout their larval existence, 
and sometimes pupating there. The female moths lay their eggs 
singly on the flower sprays, and the young caterpillars on hatching 
feed on any of the floral parts. Many of the buds which drop, some 
of the flowers which drop without setting pods, and most of the 
young pods which drop, fall from the vine because they have been 
more or less injured by the feeding of these small caterpillars. The 
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initial losses caused by these caterpillars are especially Obvious at the 
beginning of the crop, when the ground under the vines will be strewn 
with buds, flowers and young pods which have served as food for the 
young caterpillars. 

When the pods get to be a little larger and firmer, however, they 
do not fall from the vine when one of these caterpillars begins to feed, 
but are thick enough so that the caterpillar burrows right oip inside 
of the pod. As the caterpillar continues to feed inside, and the pod 
continues to grow, a callus is formed where the caterpillar burrowed 
in, effectively closing and entirely concealing the point of entrance. 
So far as one can see by looking at the outside, the pod is perfect. 
Yet actually the caterpillar continues to feed inside, sometimes con¬ 
fining its activities to only one bean, altho often it chews into two or 
even three. While the caterpillar is still actively feeding and grow¬ 
ing, ordinarily there is no external indication of its presence, but by 
the time that it approaches full size, its excreriient has begun to rot 
and show thru the pod walls. Thus the infested pod is ruined from 
the standpoint of marketing, and is discarded when the beans are being 
sorted for shipment. 

All of these injuries mentioned tend to reduce the total produc¬ 
tion. Quality is also affected, however, when" pods ready for shipment 
contain small caterpillars, for these caterpillars continue to feed and 
grow while the beans are en route to market. Even if their presence 
is not apparent when the green beans are sold, the ultimate consumer 
preparing the beans for cooking is disgusted to discover that they are 
wormy, and is prejudiced against buying green lima beans in. the 
pod again. Of course no one individual caterpillar can possibly 
cause all of these described types of injury, but different individuals 
of each kind of caterpillar cause each one of all these types of injury. 

From the standpoint of extensive distribution and of quarantine 
restrictions at present in force, Maruca testulalis Geyer, a Pyralid* 
Pyraustinid caterpillar, is of the greatest importance. It is present in 
Japan and many other regions of the old world, but only in Cuba 
and Puerto RicO of the new world, and specifically not in the United 
States. . fk>r that reason, since July 1, 1925, ho beans in the pod 
can be exported from the West Indies to the United States, except 
during the winter, and only under special permit and inspection, thus 
to a considerable extent limiting production in the West Indies.., In* 
cldentally, these restriction have been responsible for an intensive 
study of this insect in Cuba, where it is the most conunoh pod-boring^ 
caterpillar. In Puerto "Rico, Maruca is of only minor importance 
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not because it is less abundant than in Cuba, but because two other 
species are so much more abundant and cause much heavier losses. 

All the general statements made regarding pod-borer caterpillars do 
not apply exactly to Maruca, for the caterpillars after burrowing into 
the pod, have the habit of keeping an exit open to the outside, thru 
which to void their excrement. This habit is also of value to the 
bean grower, for he is thus able to make sure of all infested pods, 
and eliminate them as culls when green beans are being prepared for 
shipment for distant markets. Of course it does not lessen the injury 
caused by the caterpillars, but at least the shipper can be sure that 



Fig. 1. Caterpillar of Maruca tcstulalis Geyer in small pod in which it has eaten 
all the beans. About twice natural size. (Original). 

he is not sending out infested pods which will rot en route, or arrive 
in the kitchen of the housewife wormy and disgusting. 

Maruca caterpillars are generally of a creamy white, and can most 
readily be distinguished by their spotted appearance, for they have 
four large black or dark grey spots on the back of nearly every seg¬ 
ment. Sometimes the spots are not very dark, but usually they are 
quite distinct, and coupled with the presence of a frass-disposal hole 
to the outside of the pod, one can usually identify the caterpillar 
without difficulty. When fully grown, the caterpillars are two-thirds 
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of an inch long, and are then about to leave the pod where they have 
been feeding. They spin cocoons almost anywhere outside of the 
pod, or at times, even inside a dry pod, but usually their cocoons are 
found between pods, or on bean hampers, or in trash on the ground, 
and only rarely at any great depth in the ground itself. The moth 
is very active, and when not flying about, stands with wings out¬ 
spread and all ready to go. The forewings are chocolate brown, with 
a large white triangular spot on the front margin, and the hind 
wings are silvery white with a brown spot at the corner more distant 
from the body. 

Parasites of the caterpillar have been reared in Cuba, but are 
not abundant, and are a very minor factor in checking the numbers 



Fig. 2. Head and fore part of body of the caterpillar of Fundella cistipennis Dyar. 
About twenty times natural size. (Original). 


of the pest. Spraying with Bordeaux has no effect on the amount 
of infestation, and about all that growers can do is to hand kill all 
the caterpillars- that crawl out of the pods while they are being packed 
for Shipment, and to destroy the culls. Experiments in Cuba have 
shown that the caterpillars in the pods can be killed by maintaining 
the pods for an hour in moist atmosphere of 44° to 46° C., or by 
fumigating with carbon bisulfid for two or three hours. By such 
means, wormy beans may be prepared to meet quarantine restric¬ 
tions, and shipped to northern markets if a temporary scarcity of 
fresh beans warrants. From the standpoint of maintaining standards, 
however, a more' careful inspection and culling out of all worm-in- 



THE LIMA BEAN POD-BORER CATERPILLARS OF PUERTO RICO 245 


fested pods is much more satisfactory, even tho in special instances 
it may not be so immediately profitable. 

The two more abundant species of pod-boring caterpillars in 
Puerto Rico are: Etiella zinckenella Treitschke (known in California 
as E. schisticolor Zeller) and Fundella cistipennis Dyar. Both in¬ 
sects belong to the same sub-family of the Pyralidae: Phycitinae, and 
in their larval stage are almost indistinguishable. Yet obvious dif¬ 
ferences do exist, and in Puerto Rico one caterpillar attacks lima 
beans only during the winter time, when they are being shipped to 
northern markets, while the other occurs in abundance only during 
the spring, summer and fall, when no shipments can be made on 
account of quarantine restrictions, and thus from the standpoint of 
the export grower is not an economic pest at all. In their earlier 



showing pattern on thoracic shield. About twenty times natural size. 

(Original). 

instars, the caterpillars are indistinguishable by any gross structure, 
color or marking, both being light green in color, with a dark brown 
or black head and thoracic shield. In the last instar, many of the 
caterpillars as they approach full size become purplish above, altho 
others (of both species) become more yellowish and creamily opales¬ 
cent. Both are cylindrical in shape and in size approach Maruca, 
two-thirds of an inch long. 

Their heads (in both species) vary in depth of coloration from a 
light yellow to a dark brown, but the thoracic shield, just back of the 
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head, furnishes the clue to specific identification. The thoracic shield 
of Fundslla cistipennis is of the same color as the head, or possibly 
a little darker, unmarked, or with the markings scarcely visible be¬ 
cause of the dark color of the entire shield, or with the markings 
distinct but vaguely outlined and of a variable pattern. By contrast, 
the thoracic shield of Etiella zinckenella is invariably opalescent 
greenish-yellow, marked with a very definite pattern in black; two 
confluent crescents in the center forward, two broader ones to the 
rear, and a mark on each side, together with several pairs of small 
black spots, the four larger anterior marks being in sharply sculptured 
depressions. This sounds complicated, but, in practise, after one has 
seen both kinds of caterpillars at the same time and made the 
comparison, the difference is thereafter unmistakable. 

Under normal conditions, the tough, grey cocoons of both species 
of caterpillars are made at a considerable depth in the soil, those of 
Etiella at a considerably greater depth than those of Fundella, but 
not in hampers or in trash in the surface of the ground as are those 
of Maruca. Adults emerge within a couple of weeks. 



Fig. 4. Moth of Etiella sincfcenclla Treit. About eight times natural size. 
(Original). 


The adult moths of both species when at rest keep their wings 
tightly folded around their abdomen, very different from the out¬ 
spread wings of Maruca , apparently always just about to fly away. 
Otherwise than in the manner of holding their wings while at rest, 
the two species are not similar in appearance, for the fore wings of 
Etiella are broadly margined with silvery white, these margins 
blending with the white , of the legs and abdomen when the moth is 
at rest. Its large palpi stick out like a beak in front. The moth of 
Fundella cistipennis is of a characterless, inconspicuous greyish-brown, 
with no marked or well-defined pattern on the wings, but with the 
interesting habit of often keeping, the ends of its antennae under¬ 
neath its folded wings. 

As regards other hosts than lima beans, the months show a most 
surprising difference in those on which they oviposit. During warm 
weather, Etiella caterpillars, somewhat dwarfed tad dried-up in ap- 
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pearance as compared with the plump, juicy larvae occurring in lima 
beans, and longitudinally striped with purple, are quite common in 
the pods of Crotalaria incana, and in no other species of this genus 
of plant. Observations on this selection of host plant were made 
independently by two entomologists in Cuba (L. Dean Christenson & 
S. C. Bruner), and are confirmed by observations made by the writer 
in Puerto Rico. On the beach at Mameyes, every mature pod of sev¬ 
eral bushes of Crotalaria incana, observed in mid-summer, was in¬ 
fested. Thruout the year, Fundella caterpillars are to be found at¬ 
tacking the pods of sword beans and beach beans, Canavalia ensi - 
formis and C. maritima, often causing much more obvious exter¬ 
nal injuries than they do to the pods of lima beans. Sometimes 
as many as 3 or 4 caterpillars may occur in a single pod. (See plate 
XTX). ( Maruca caterpillars are also often found in sword bean 
pods, their abundance in this host in Puerto Rico considerably 



Fig. 5. Moth of Fundella cistipennix Dyar. About ten times natural size. 
(Original). 


exceeding that in lima beans). Fundella caterpillars also burrow in 
the stems of cowpeas and attack the young shoots and buds. 

The range of these two such similar yet divergent species over¬ 
laps only in Puerto Rico, so far as is known. Fundella cistipennis was 
originally described as Ballovia from Barbados, and has since been 
found in St. Vincent, St. Croix, Vieques, Puerto Rico and at Port-au- 
Prince, Haiti. Etiella zinckenella is of cosmopolitan distribution, 
being reported from many European and Asiatic localities, Colombia in 
South American, and from many places in the United States, altho 
if is an economic pest only on the Pacific coast. In the West Indies, 
it occurs only in Cuba and Puefto Rico. 

The reported scarcity of Etiella zinckenella on lima beans in Cuba 
is presumably largely due to the fact that this crop is grown there 
only for export during the winter. In Puerto Rico, Etiella is equally 
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scarce during most of the shipping season, but in experimental plots 
of beans planted during the late spring, it becomes very abundant, 
often attacking from a fourth to a third of all mature pods. During 
the winter, when lima beans in the pod may legally be shipped to the 
United States, practically no Etiella caterpillars occur, their place 
being taken by smallers numbers of Fundella, and in lima beans 
grown at the higher elevations, a few Maruca caterpillars in addition. 

The first counts made of pod-borers at Isabela will serve to in¬ 
dicate the prevalence of Etiella in the late spring, altho they were 
primarily intended to determine the relative infestations of the eater-* 
pillars in different varieties of beans. These observations were made 
in a field planted on Feb. 26, 1931, in which, after the first month, 
the plants were sprayed every ten days with Bordeaux mixture. The 
purpose of the planting was to obtain data on yields, but was also 
available to the writer for examination as to infestation of the pods 
by caterpillars. The plot was small and samples of each variety of 
only 25 pods were examined. At the time the examinations were 
commenced, the characters distinguishing the three kinds of cater¬ 
pillars were not known, and it is merely presumed that most of the 
caterpillars observed at first were Etiella zinckenella , as all of them 
were known to be after the first four observations. 


PER CENT OF INFESTATION BY POD-BORER CATERPILLARS 



On another field of Challenger pole beans planted at about the same 
time, at Maleza, near the Agujereada light-house, the infestation by 
Etiella on June 9, 1931 was total, many pods containing two or three 
caterpillars. By June 30th, it had dropped to 36 per cent infesta¬ 
tion, and was 46 per cent on July 20th. In explanation of the great 
difference in infestation, as compared with the field at Isabela only 
five or six miles away, it should be stated that infestations are usually 
very heavy at the beginning of the crop, dropping off rapidly when 
production is really started. 

On the drops from lima beans observed December 1, 1931, in a 
field of Challenger pole beans at Isabela, sprayed weekly with Bor¬ 
deaux and magnesium arsenate, the infestation was more than total, 
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Etiella caterpillars being fifteen times as numerous as Marne®, and 
no F undell a caterpillars present. Ten days later, on drops in the 
same field, most of the caterpillars were Fundella, some were Etiella, 
and a few Maruca were found. This field did not come into full 
production until the latter part of December, at which time com¬ 
parison could be made with two unsprayed fields nearby of the same 
variety. All of these fields were in commercial production, conse¬ 
quently only cull pods were available for examination. 

The cause of rejection varied considerably, being much more nu¬ 
merous in the unsprayed fields on account of spotting by Elsinoe, or 
injury by the leaf-folder caterpillar, Lamprosema indicata F., both 
of which were largely controlled in the sprayed field. Thus the 
frequency of infestation by pod-borers in the culls from the sprayed 
field appears much higher, altho it might not vary greatly from the 
unsprayed fields if the total crop could be sampled. Whenever pos¬ 
sible, samples of 100 or 200 pods were examined. The records are 
given in the following table. 


INFESTATION OF POD-BORER CATERPILLARS IN LIMA BEANS GROWN AT 
ISABELA, WINTER OF 1931-32 


Date 


December 24. 
December 31. 
December 31. 
January 6 .... 
January 6 .... 
January 13... 
January 13... 
January 20... 
January 20 .. 
January 28... 
January 28... 
February 3.. 
February 3.. 
February 3.. 
February 10. 
February 10. 
February 17. 
February 17. 
February 24. 
February 24. 

March 2. 

March 2. 

March 9. 

March 9. 

March 16.... 
March 16.... 
March 23.... 
March 23.... 
March 23.... 
March 31.... 
March 31.... 

April 6. 

April 6. 

May 5. 

May 10. 

Total.. 


Condition 


Sprayed.... 
11 ns prayed. 

Sprayed. 

Unsprayed. 
Sprayed.. 


Unsprayed. 
Sprayed.. 


Sprayed 
Unsprayed. 
Sprayed.... 
Unsprayed. 
Sprayed. 


Unsprayed. 
Sprayed . 


Spraye< 
Unsprayed 
Sprayi 


ed. 


Spray< 
Unspraved 
Sprayed... 
Unsprayed 
Spray< 


>ed. 


Unsprayed. 

Sprayed... 

Unsprayed. 

Sprayed.... 

Unsprayed. 

Unsprayed. 

Sprayed.... 

Unsprayed. 

Sprayed.... 

Unsprayed. 


Fundella 


301 


Etiella 


31 


Maruca 


23 


Caterpillar 
Kone (or 
too small 
to identify) 


Total 


47 
25 
31 
40 

48 
25 
16 

7 

7 

8 

7 

16 

45 

9 

55 

8 
44 

3 

44 

11 

10 

4 

40 

6 

28 

6 

36 

10 

8 


28 

19 

8 

6 


Average 21 
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The absolute disappearance of Etiella during January and February 
is well shown in the above record of counts, and its scarcity during 
March. During the entire period, not a tenth as many Etiella ca¬ 
terpillars were noted as of Fundella , and Maruca was even less abun¬ 
dant. The average infestation appears considerably higher during 
the winter than in the spring, but it must be remembered that only 
culls were examined duiing the winter, while representative samples 
were available for examination from the previously observed late 
spring crop. 

A part of one unsprayed field observed during the winter had 
sword beans interplanted between every five rows of lima beans, and 
a row of Crotalaria incana along one side. The Crotalaria did not 
begin to have pods until early in March, consequently no observa¬ 
tions could be made on whether the insect passed the winter months 
on this (supposedly) preferred host, rather than on lima beans. No 
caterpillars were noted in these pods until the latter part of March, 
when lima beans were also beginning to be infested. On March 24th, 
several hundred Crotalaria incana pods were available for examina¬ 
tion, of which only 2 or 3 per cent were infested by Etiella. On April 
5th, 200 pods were examined and 15 per cent were found to be in¬ 
fested. In only a few cases were caterpillars present, but the indica¬ 
tions of their former presence were unmistakable, a webbing together 
of the seeds, quite different from the clean injury caused by the 
larvae of Utethesia ornatrix. The Etiella caterpillars in Crotalaria 
have quite a different appearance from those which have fed on lima 
beans, having a shrunken, shriveled look, are more bluish-green in 
color and invariably have four longitudinal purplish-chestnut stripes 
running along the back. On May 12th, 444 pods were available for 
examination, and of these 18.5 per cent were, or had been, infested 
by Etiella caterpillars. 

The sword beans also, altho planted at the same time, did not 
begin to come into production until several weeks after the lima 
beans were bearing heavily, and were as heavily infested by Fundella 
caterpillars as were the lima beans. Indeed, at no time were many 
sword* beans attacked by either Fundella or Maruca , and, reviewing 
the observations now, it becomes apparent that sword beans can be 
of little value in attracting the moths away from the lima beans un¬ 
less planted several weeks or a month in advance. Heavy infesta¬ 
tions of these caterpillars in sword beans have been observed to oc¬ 
cur only when the sword beans came into production at about the 
time the adjacent lima beans ceased to have many pods. 

Out of all the hundreds of caterpillars collected, only one Fundella 
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was observed to be parasitized. It bore four globular, semi-trans¬ 
parent, greenish maggots attached to one side, which increased rap¬ 
idly in size, becoming fully grown on the day after the drawing 
(See Fig. 6) was made, spinning cocoons of grey silk by the next 
day, and appearing as ant-like adults ten days later. These wasps 
were identified by Mr. A. P>. Gahan as Perisieriola sp., probably 
cellularis (Say). 

As explained in a previous paragraph, the lima beans examined 
during the winter of 1931-32 were only culls. From such inspections 
it was impossible to determine whether spraying with Bordeaux and 
magnesium arsenate had any effect on the pod-boring caterpillars, or 
not. From a casual inspection of the returns, it would seem the 
caterpillars were more abundant in the sprayed beans, and it ap¬ 
peared possible this might not be merely the appearance, but the 
reality. Spraying might cause the small caterpillars to burrow into 
the pods earlier than they otherwise do normally, thus actually de- 



Fig. 6. Caterpillar of Fundella cistipcnnis Dyar parasitized by maggots of 
Perisierola prob. cellularis (Say). About fifteen times natural size. (Origi¬ 
nal), 


creasing the number of deaths due to predators and other accidents 
befalling them while feeding outside of the bean tissue. To more 
definitely determine the value, or otherwise, of spraying, a specific 
experiment was conducted during the late spring of 1932. The plan 
of this experiment was as follows: 

1. Crotalaria incana (1 row) 

2. Canavalia ensiformis (2 rows) 

3. Lima beans—untreated (3 rows) 

.4. Sprayed weekly with Bordeaux mixture, 2-2-50 and Magne¬ 
sium Arsenate (3 rows) 

5. Sprayed weekly with Bordeaux only (3 rows) 

6. Check (3 rows) 

7. Sprayed with poison only, 2 pounds in 50 gallons water (3 

rows) 
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8. Check (3 rows) 

9. Sprayed with Bordeaux & poison (3 rows) 

10. Check (3 rows) 

11. Poison only (3 rows) 

12. Check (3 rows) 

13. Bordeaux only (3 rows) 

14. Bordeaux & poison (3 rows) 

15. Untreated (3 rows) 

16. Canavalia ensiformis (2 rows) 

17. Crotalaria incana (1 row) 

18. Canavalia ensiformis (3 short rows) 

The seed was planted March 3,1932, and two weeks later both kinds 
of beans were up, the lima beans having second and third leaves on. 
The Crotalaria shoots had not yet appeared at this time, and indeed 
germinated so poorly that, for the purposes of the experiment, their 
presence may be disregarded. It should be noted that the experi¬ 
ment repeats itself in the reverse order, so that Untreated 3 and 15 
are comparable, being beside alternate hosts, while the other un¬ 
treated rows are true checks, being between sprayed rows. The beans 
from all comparable treatments were cohibined for selecting samples 
for examination, and, so far as possible, these consisted of 100 mar¬ 
ketable pods. The first samples were received on June 7th, the last 
on July 19th. Neither Maruca nor Fundella caterpillars were found 
in any beans, all caterpillars being Etiella zinckenella. It should be 
especially noted that these infestations were not in cull beans, nor in 
run of the field but, in selected, and apparently marketable beans. 
The extremely high infestation by Etiella , does not, however, indicate 
that this insect is a serious pest of lima beans grown for export to 
the United States, for these beans were grown during the summer, 
when no green beans in the pod can be shipped. 

SPRAYING EXPERIMENT FOR THE CONTROL OF LIMA BEAN POD-BORER, 
(ETIELLA ZINCKENELLA TREIT.), SUMMER OF 1932, AT ISABELA, PUERTO RUJ 


Average 

Treatments 

i 

June 7 

31. 

Untreated, beside sword 
beans 

40 

40.6.. 

Untreated check. 

49 

31.8... 

8prayed with Poison only. 

37 

36. 

8prayed wiith Bordeaux 
only 

Sprayed with Poison and 
Bordeaux 

44 

48. 

53 

, 

Average Examination.. 

45 



Several of the Etiella caterpillars collected in these examinations 


were parasitized by maggots similar in general appearance to the 


ones previously obseryed on the Fundella caterpillar, but in color a 


dull pinkish. They developed with similar rapidity, but spun tough 
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brownish cocoons, the adults emerging ten days later being quite dif¬ 
ferent in appearance. These wasps were identified by Mr. C. F. W. 
Muesebeck as Heterospilus etiellae Rohwer. 

The results of this experiment are not especially convincing, 
for the presence of Canavalia beside the unsprayed rows could 
have no possible effect on the infestation of the lima beans by Etiella, 
as sword bean is not normally a host of this caterpillar. (It should be 
mentioned that these sword beans were infested by Fundella cater¬ 
pillars, even tho none occurred in the lima beans). It would, how¬ 
ever, tend to indicate that the less one sprayed, the better, and cer¬ 
tainly could be interpreted to mean that any expense for spraying 
could not be justified on the basis of its value in the control of pod- 
borer. The most serious criticism of the experiment, however, is that 
it deals entirely with the one pod-borer which does not ordinarily 
affect the beans grown in the winter for export. For practical pur¬ 
poses, the grower is concerned with Fundella, and with Maruca only 
as an unusual abundance may affect the possibility of meeting quaran¬ 
tine requirements, but with Etiella not at all, because it is not subject 
to quarantine, and also because it is so scarce in lima beans grown in 
the winter. Yet this experiment, conducted during the summer, con¬ 
cerned only Etiella. 

To meet all of these criticisms, if possible, another experiment was 
planned, to be conducted during the winter, producing lima beans 
at the time and under the conditions affecting commercial growers. 
As one grower, whose statement was quoted and given considerable 
publicity by one of the companies marketing extracts of pyrethrum, 
claimed to produce lima beans that had no difficulty in being passed 
by the quarantine inspectors on account of infestation by pod-borers 
(whatever that claim might mean), pyrethrum was added to the sub¬ 
stances tried. The only possible value for any insecticide in the con¬ 
trol of any of these pod-borers would be in killing the eggs or the small 
caterpillar before it had entered the pod. To kill such minute cater¬ 
pillars, a contact insecticide might be as valuable as a stomach poison, 
thus a trial of nicotine sulfate was added to the experiment. The 
Nicotrol (nicotine sulfate plus penetrol) used was contributed by the 
Kay Fries Chemicals Inc., and the pyrethrum, in the form of “Pya- 
grol”, by John Powell & Co., to which firms the writer is thus in¬ 
debted. The plan of the experiment is as follows: 

1. Canavalia ensiformis (3 rows). 

2. Untreated (3 rows). 

3. Weekly spraying with Bordeaux mixture, 2-2-50 and Mag¬ 

nesium Arsenate, 2 pounds to 50 gallons of mixture (3 
rows) 
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4. Bordeaux only (3 rows) 

5. Check (3 rows) 

6. Bordeaux plus “Nicotrol” (Nicotine Sulfate and “Pene- 

trol”) 1 part to 200 of liquid (3 rows) 

7. “Pyagrol” (Pyrethrum plus * < Penetrol*’), 1 part to 200 

of water (3 rows) 

8. “Pyagrol” (3 rows). 

9. Bordeaux plus “Nicotrol” (3 rows). 

10. Check (3 rows) 

11. Bordeaux only (3 rows) 

12. Bordeaux & Magnesium Arsenate (3 rows) 

13. Untreated (3 rows) 

14. Canavalia ensiformis (3 rows) / 

Seed was planted on November 18, 1932, and weekly spraying 
commenced as soon as the first bloom appeared, about two months 
later. The first samples, 100 pods, unselected, from each series of 
rows, were received on February 20th, 1933, and as the experiment 
was being conducted in reversed duplication, were combined to form 
samples of 200 pods from each treatment. The sixth lot of samples, 
received March 27, consisted of the total production for that week, 
but was insufficient to make up the total number of the other sam¬ 
ples. Production practically ceased for a time thereafter, but the 
seventh shipment, April 20tli, was of the required number. The ex¬ 
periment was conducted in Isabela, but examinations were made at 
Rio Piedras on the day after picking. 


SPRAYING EXPERIMENT IN THE ATTEMPTED CONTROL OF THE LIMA BEAN 
POD-BORER CATERPILLARS: FUNDELLA CISTIPENNIS DYAR. ETIELLA 
ZINCKENELLA TREIT. MARUCA TESTULALIS GEYER, CONDUCTED 
AT ISABELA, PUERTO RICO, WINTER AND SPRING OF 1933 



Number or Caterpillars per 100 Poos (Samples or 200) 

Dates 
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Treatments: 

Beside Canavalia . 

2.5 

6.0 

4.0 

2.5 


7.1 

3.5 

1.5 

9.5 

17.5 

Bordeaux A Mg. Arsenate. 

5.0 

4.0 

2.5 

4.5 


5.0 

1.0 

so 

5.5 

10*0 

Bordeaux only.x. 

3.0 

5.0 4 

2.0 



6.3 

1.5 

3.5 

KCT 

11.0 

Check.. 

3.5 

10.0 

5.0 


H 1 . 

3.7 

4.0 

4.5 

4.6 

14.0 

Bordeaux A Nicotrol. 

2.5 

4.0 

6.0 


3.5 

1.4 

.5 

2.5 

3.5 

8.0 

Pyrethrum. . 

1.5 

1.5 

5.5 

3.5 

4.5 

3.2 
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5.5 

6.5 

Averase.. 
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4.1 

4. 
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5.5 
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Total Caterpillars Identified each 
examination: 
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Maruca . 
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The first two examinations appeared to indicate that the cater¬ 
pillars were being controlled in the rows sprayed with pyrathruna. 
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Most unfortunately, later pickings failed to show any advantage 
from the use of this extract, and indeed sprays with other substances 
gave even lower infestations during some later weeks. Of course 
it is possible that the use of pyrethrum at greater strengths, or 
oftener, might give complete control, but it is doubtful if such treat¬ 
ments would be commercially practical. Thus the experimental 
evidence, to date, indicates no method of control for the lima bean 
pod-borer caterpillars. 

The final experiment, valueless from the control standpoint, is 
most interesting otherwise in indicating just when Fundella cater¬ 
pillars cease to be abundant in the spring and their place is taken 
by much greater numbers of Etiella , fully a month after shipment 
to the States has been discontinued on account of quarantine restric¬ 
tions. 




THE LARVAL PERIOD OP DIAPREPES ABBREVIATUS L. 


George N. Wolcott, Entomologist , 

Insular Experiment Station, Rio Piedras, P. R. 

In proportion to its economic status, the weevil root borer of the 
West Indies, Diaprepes abbreviaius L., (=spengleri L.) has received 
surprisingly little careful study. Most of our information regarding 
the insect has been confined to the period of its aerial existence; what 
happens to the subterranean forms is for the most part inferred rather 
than known. The exclusively aerial adults, large weevils striped 
with black and white or bright colors, feed on the tender leaves of 
many kinds of trees and plants. Clusters of from ten or a dozen to 
several hundred oval eggs are laid between two older and tougher 
leaves glued together, hatching of the grubs occurring in six to ten 
days. The grubs do not burrow thru the leaf, all such holes being 
made by the wasp parasites, but wiggle out from between the leaves, 
dropping at once to the ground, into which they burrow. From the 
beginning, they feed only on live vegetable tissue, so far as known 
attacking all kinds of plant roots with impartiality. After a larval 
period presumed to occupy most of a year, pupation occurs in a 
cell at some depth in the earth. The pupal period is short, about 
fifteen days according to all observers. Some time may be spent as 
adult in the pupal cell, but once the adults have emerged from the 
earth, they never again return to it. 

Injury to economic plants is caused by both larva and adult, citrus 
trees and sugar-cane being most often attacked. In Barbados, the 
insect is practically restricted in all host relationships to sugar cane: 
the adults feeding on the leaves, the females laying eggs between the 
split tips of the leaves, the young grubs feeding on the roots, the 
older grubs burrowing into the root-stalk, and the pupa often being 
formed in a cavity in the cane stool. Elsewhere the adults feed on 
the leaves of many wild and a few economically valuable plants, and 
the grubs are apparently unrestricted in their choice of roots on which 
to feed. 

The range of the insect is from Barbados to eastern Hispaniola, 
and over this range the adults differ so greatly in color markings 
and general appearance that numerous varieties and species have 
been described, all of which, we are assured by the systematists, belong 
to but a single species. The variation in the size, color and habits 
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of the adults may appear in the grubs as a variation in behavior 
and length of the larval periods, for regarding the latter, no observers 
agree. Over thirty years ago, that enthusiastic amateur entomologist, 
the Rev. N. B. Watson, in Barbados reared a few individuals from 
egg to adult and determined the larval period as being from 300 to 
312 days. A dozen years later, Wm. Nowell in Barbados found 261 
days, 326 days and 334 days as the length of time before pupation 
for rearing immatures grubs of small size. Judging by the few com¬ 
pleted rearing records, the larval period in Puerto Rico may be con¬ 
siderably shorter. Three grubs only, out of the hundreds used in the 
experiments that have been conducted here ~ in the past two years, 
have been successfully reared from the just hatched larva to pupa, 
the larval periods for these three grubs being 202 days, 238 days and 
268 days respectively. (See Table, p. 259.) 

All of the grubs have been carefully observed as to molting; the 
one attaining the pupal period in 202 days pupating from the 10th 
larval instar, the one pupating in 238 days having attained complete 
larval development in only six instars, while the one requiring 268 
days to become a pupa changed from the ninth instar. From such a 
small number of individuals, no generalization of value can be made, 
and indeed one can not be sure that these individuals pupating in 
such a short period are not exceptional rather than normal individ¬ 
uals. Other grubs have molted to the 16th instar, in one case after 
only 220 days, while other individuals have lived over a year as 
larvae. Not one of these other grubs, however, has succeeded in 
evading the varied perils inherent in the more or less unnatural con¬ 
ditions attendant on artificial rearing and constant observation^ and 
most of them have died before pupation. Unquestionably, all of 
these grubs were sound and healthy in their earlier instars, while 
they were growing rapidly and making constant gains in size and 
weight, but having attained maximum weight, they entered a period 
of inactivity and failure to eat, a cul-de-sac from which the only 
escape was not pupation, but death. A few of these grubs are still 
alive, but the stimulus which will cause them to continue their trans¬ 
formation is not yet determined. Admittedly the present paper is in¬ 
complete* and essentially preliminary. "While the completed rearing 
records may be considered as finished and final, all the general state¬ 
ments made are tentative, and subject to change as additional results 
accumulate. 

The first year’s rearing was conducted at Isabela, the second at 
Rio Piedras, and despite the fact that the same type of container, the 
same cabinet for holding the rearing boxes, the same food and in 



THE LARVAL PERIOD OF DIAPREPES ABBREVIATES L. 


259 


LARVAL PERIODS OF DIAPREPES ABBRE VIAT US L., SELECTED INDIVIDUAL RECORDS AND AVERAGES OF ALL RECORDS: 

DAYS AFTER HATCHING TO BEGINNING OF INSTAR 

Averages of All Records 

i 
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28 34 grubs) 

46 (34 grubs) 

66 (38 grubs) 

1(M) (37 grubs) 
146 (34 grubs) 
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148 (68 grubs). 
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many cases the same soil were used in both localities, the grubs at¬ 
tained full size in a much shorter time at Rio Piedras. The factors 
of difference, so far as known, are three. The grubs were examined 
every week at Isabeln, but at Rio Piedras they could be watched 
more carefully, examinations being made usually three times a week. 
The water used to moisten the soil at Isabela was taken from the 
irrigation ditch; that at Rio Piedras was city water which often 
was heavily chlorinated. The mean minimum air temperatures at 
Rio Piedras averaged two or three degrees lower than at Isabela 
during the winter only, otherwise they were practically the same. 
How this affected the soil temperatures is problematical. The speed¬ 
ing up to growth in Rio Piedras applies also to the total larval period, 
for the minimum of 202 days was obtained here, the other two 
records being of Isabela grubs. It was not a characteristic of the 
grubs themselves, for some of the grubs reared at Rio Piedras were 
from egg-clusters collected at Isabela, others were from Florida (be¬ 
tween Arecibo and Barceloneta), only the minority being obtained 
locally. 

Various sizes of tin salve boxes have been used as containers, but 
finally the two ounce size was adopted for all work as being the most 
desirable. The soil used was that most readily available outside the 
laboratory door, the only selection being to eliminate large sticks, 
stones or other debris, the earth particles carried up out of their tun¬ 
nels by ants often being selected. At first, soil brought from Isabela 
was used at Rio Piedras, until a considerable expansion of the experi¬ 
ment required additional amounts, which were picked up locally. In 
many cases, previously discarded soil which had been thoroly dried or 
baked was used in preference to obtaining fresh soil from the garden. 
Moisture was added by means of a medicine dropper, attempting tc. 
keep the soil reasonably moist at all times, and only excessively moist 
when seeds were to be sprouted. 

As food for the grubs, corn only was used at first; later, fresh 
lima tjeans were added. As the lima beans were subject to rot, sword 
beans were substi Luted, the usual combination placed in one box 
with a grub being two grains of corn and one bean. 'So far as could 
be determined, the grubs fed on the corn or beans with strict impar¬ 
tiality, and apparently throve equally well on either. To determine 
the effect of food on rapidity of growth, half the grubs from one 
egg*duster hatching on October 5th were placed in cans supplied 
only with com, the others in cans supplied only with sword beans. 
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In the first instar, the mortality was greater among the grubs sup¬ 
plied only with corn, so that only five survived, as compared with 
twice as many which lived to eat beans. Yet these five grubs eating 
corn averaged from two to fourteen days less time in reaching each 
instar up to the ninth. By the tenth instar, however, when all the 
grubs had ceased feeding, those which had previously eaten only 
sword beans molted nine days ahead of those previously eating corn. 
In the molt to the 11th instar, the corn-eating grubs were one day 
ahead, in the molt to the 12th, nine days ahead, yet in the molt of 
the 13th, their respective positions were again reversed, those which 
had eaten corn being three days ahead (214 days vs. 217 days). Such 
slight differences may be considered as due to individual variation, 
and indicate that no significance is to be assigned to food. 

Extreme seasonal variation in abundance of adults has repeatedly 
been noted, yet adults are present at all times, and egg-clusters have 
been collected during every month of the year at both Isabela and 
Rio Piedras. No special effort has been made to rear grubs from 
the eggs of every month, and indeed only minor differences are to 
be noted in rapidity of growth of the grubs during the warmest and 
the coldest months. It is possible that the grubs grow most rapidly 
during cooler (tropical) weather, and the majority of the rearings 
would appear to indicate this, yet so many individual exceptions are 
to be noted that it is by no means certain. Some grubs hatching 
from egg-clusters laid in December have attained maximum size in 
two months, or a little longer, but other individuals from the same 
cluster required as long, or longer, than grubs hatching out early in 
August. Individual variation is much greater than seasonal varia¬ 
tion, some of the grubs from one large egg-cluster hatching in Decem¬ 
ber requiring more than twice as long to make the same gains in size 
and weight as others from the same cluster. Some grubs are excep* 
tionally slow in the earlier instars, others in the later growth instars, 
all from the same egg-cluster, and reared under as nearly as possible 
the same conditions. Inividual variation in rapidity of growth does 
not follow the normal curve, for the majority of grubs are close 
together, making rapid gains in size and weight with none greatly in 
advance, but the minority strings out almost interminably behind 
Some of the delayed minority may later catch up, or almost catch 
up with those which have made the most rapid growth at first, and 
others are permanently greatly delayed, yet they seem as healthy 
and normal as any others. (See Plate XX.) 

No explanation can be given of the failure of some grubs to eat 
and grow as fast as others from the same cluster, more especially 
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when all were in the same container during the earlier instars. An 
abundance of food was available at all times, and the grubs were 
so active that they could hardly have failed to come into contact 
with it. Molting, however, at least during the earlier instars, is to 
some extent dependent on soil moisture, being inhibited when the 
soil is dry, but ensuing within a few minutes after a sudden access 
of water. Wm. Nowell is of the opinion ( 2 ) that pupation also 
normally follows spring rains after the comparatively dry winter 
weather of Barbados, but no pertinent observations on this point 
have been made in Puerto Rico. 

The larval period of IMaprepes grubs falls into two parts: (1) 
a period of constant and rapid growth, extending from hatching to 
about the beginning of the eighth instar, during which time the head- 
size of each instar is noticeably different so that each instar may at 
once be recognized by examining the grub itself, and (2) a period 
of equal or even greater length when the size and weight of the grub 
remains constant, or tends to decrease, extending from the eighth 
instar, or earlier, to pupation, during which period the number of 
molts can be determined only by keeping track of the molted skins. 
In the first period, the grub is feeding most of the time, in the second 
it eats little or not at all. Some individual grubs in the second 
period molt almost as frequently as previously, but most of the grubs 
at much greater and very irregular intervals. Individual variation 
is even more marked than in the first period, and the problem ot 
maintaining the grubs alive and healthy becomes increasingly dif* 
ficult. So few of the grubs have successfully passed thru this period 
of inactivity under artificial rearing conditions that most of the data 
accumulated concerning it is admittedly false. It seems very im¬ 
probable that under normal conditions it usually ends in the death 
of the grub. All the activities of the insect occupy less than half a 
year, but this long, indefinite and indeterminate waiting period of 
the larva before pupation stretches out the life-cycle so that it will 
fit into the seasonal pattern of a year. It suggests that the insect 
should be better * adapted to a climate inducing a long period of’ 
hibernation or aestivation, altho the period does not, or may not, 
actually coincide with any extended period of temperature difference. 

Regarding the first period of activity and rapid growth we can 
be puch more certain that the data accumulated are reasonably cor¬ 
rect. Grubs in both periods have been weighed during all instars, 
not the same individuals, but ten or a dozen individuals in each iastar, 
and, with some minor adjustment of these averages, we can be reason* 
ably certain that the majority of the grubs in this first period make 
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steady and constant gains in weight. To be sure, this steady gain 
is interrupted at every molt, for every molt results in a small tem¬ 
porary loss, but if one considers the gain from about the middle of 
one instar to the middle of the four succeeding instars, the re¬ 
sulting curve will be a straight line. Starting with the newly 
hatched larva weighing .000125 gr. each, in each of thq succeeding five 
intervals of ten days, at liio Piedras, (from hatching to the middle 
of the first instar, from the middle of the first instar to the middle 
of the second, from the middle of the second to the middle of the 
third, etc., each one of which is approximately a ten day interval at 
Rio Piedras) the increase in live weight is four times: to .0005 gr., to 
to .002 gr., to .008 gr., to .032 gr., to .128 gr. by the middle of the 
fifth instar. This is the period of most rapid growth. 

Following it is a transition period of less rapid growth. From 
the middle of the fifth to the middle of the sixth instar,, the in¬ 
terval is no longer, but the increase in weight is only three times, 
to .384 gr. From the middle of the sixth to the middle of the 
seventh instar, the interval is one-half longer, to fifteen days, 
and the increase in weight is only one and one-quarter times, to .48 
gr. Individual grubs may weigh considerably more than this in the 
7th and later instars, the maximum observed for any grub being 
.74 gr. for one individual in the 9th instar. The average weight, 
however, of those in any of the later instars is .5 gr. or a little less. 
Most grubs attain their maximum weight in the eighth instar. For 
most grubs, and for the average of all grubs, molting to the eighth in- 
star marks the end of the period of growth and the beginning of the pe¬ 
riod of inactivity preceding pupation. At Isabela, the period interval 
between the middle of succeeding earlier molts, instead of being ten 
days as at Rio Piedras, was fifteen days, and in addition to being 
one-half longer, began to lengthen earlier, to thirty days between 
the middle of the fourth instar to the middle of the fifth, and to forty 
days for the succeeding instars. 

Up to the middle of the fifth instar, the grubs are of insignificant 
size so far as the damage they are capable of causing to the roots of 
plants is concerned, but the slowing down of their rate of growth 
coincides with the period when they are of sufficient size so that the 
result of their feeding activities is a very noticeable loss to the farmer. 
That they should grow so rapidly in the first two months results in no 
noticeable and obvious injury to well established plants, but their 
feeding in the next month results in the maximum injury they are 
capable of causing. This point is of the greatest practical im- 
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portance to farmers, especially those who are growing vegetables be¬ 
tween young citrus trees for instance. The appearance of large num¬ 
bers of adult beetles feeding on the tender leaves of their citrus trees 
is not only a direct loss of foliage but indicates that in from two to 
three months later the roots of these citrus trees and the roots of 
vegetables growing between them will suffer the maximum injury 
from the grubs hatching from the eggs laid by the female beetles. 
After this period of greatest injury to the roots, fully grown grubs 
may be present in the soil and around the roots for several months, 
but the injury they cause is all past. They are no longer actively 
feeding. Their growth curve has dropped to zero. 

Two kinds of curves may be drawn to represent what has hap¬ 
pened. The one representing relative growth is at a high level for 
the first two months, drops slowly at first but later with increasing 
rapidity in the third month, and by the fourth month is below zero, 
continuing here until pupation. The curve showing absolute weights 
i:; scarcely apparent in the first month, rises rapidly in the second 
month, makes enormous gains in the third month, a slight gain in the 
fourth month (but still at a high level), and drops only a little 
below this high in the succeeding months to pupation. Except in the 
latter months, it parallels the curve of injury to the farmer’s crops, 
insignificant in the first two months, attaining a maximum in the 
third and fourth months, but again dropping to insignificant propor¬ 
tions later, when the grub has ceased to feed and is merely waiting 
for pupation. 
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PLATE XIX. 



Injury of caterpillars of Fundella cistipennis Dyar to pods of sword beans. Note 
only one uninjured pod of all those shown, the smaller pods being withered 
and about to drop, the larger ones being malformed by infestation at a later 
stage of growth. (Original). 



PLATE XX 



Length of Larval Instars of Diaprepes abbreviotus L. at Rio Piedras: total horizontal distance represents two hundred 
days, vertical distance indicates number of grubs. (Original. Drawn by Fernando Cliardon.) 




THE CHANGED STATUS OF SOME INSECT PESTS 
IN PUERTO RICO 

4ft 

By George N. Wolcott, Entomologist , 

Insular Experiment Station, Rio Piedras, Puerto Rico. 

A few of the insect pests of economic crops in Puerto Rico 
show little or no change in their status over a period extending as 
far back as any entomological observations are recorded. For in¬ 
stance, the purple scale of citrus trees, Lepidosaphes beckii Newman, 
has been and still is the scale for which growers spray or maintain 
windbreaks, obtaining commercial control thereby, but never reduc¬ 
ing its numbers below a certain minimum from which it will promptly 
recover under favorable conditions. The mole-cricket, or chango.i, 
Scaptcriscus vicinus Scudder, is generally quite as much of a pest 
now as it has ever been in the past, the decrease in its numbers re¬ 
ported by some farmers due to toads being more than balanced by 
increased damage reported in other districts, due either to a more 
intensive type of agriculture or to an actual increase in its numbers. 
In the regions where the use of the standard Paris green-flour mix¬ 
ture for poisoning the changa is still in common use, it probably is 
now less abundant than formerly, but where farmers have reverted 
to merely protecting young plants against its attack by wrapping 
them in mamey leaves when transplanted, it is subject to no con¬ 
trol except natural factors. To be sure, it is eaten by the imported 
giant toad, Bufo marinus, but apparently only in limited areas has 
a noticeable reduction in its numbers resulted. 

Of the pests which have appeared here in recent years, the latest 
arrival is the cottony cushion scale, Icerya purchasi Maskell. A de¬ 
tailed account of this insect is given elsewhere in this number of the 
Journal (1), noting its peak of abundance in the late spring of 1932, 
and the role of parasites, predators, entomogenous fungi and hur¬ 
ricanes in its control. Coccus viridis Green, the soft green scale 
of citrus and coffee, was first noted in 1925, and became noticeably 
destructive in the coffee groves denuded of shade by the hurricane 
of San Felipe in 1928. Its present status largely depends on local 
humidity, for its numbers are greatly reduced by at least two kinds 
of entomogenous fungi attacking it, which thrive during wet weather. 
Thus it is rarely injurious on large citrus trees, or in coffee groves 
well protected by shade, but during dry weather may be seriously 
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injurious on young citrus trees. In 1921, two pests appeared al¬ 
most simultaneously in Puerto Rico, the pink bollworm of cotton, 
Pectinophora gossypiella Saunders, and the corn borer of plantains 
and bananas, Cosmopolites sordidus Germar, both of which now oc¬ 
cur practically everywhere that appropriate host plants are present. 
The latter pest apparently has no natural enemies, and compara¬ 
tively few growers practise, or even know, the practical methods of 
control by which its numbers may be reduced to a minimum. The 
rapidity with which it has spread, and the abundance in which it 
is now present, does not indicate, however, that other insects with 
similar habits will be similarly successful. The sweet potato weevil, 
Cylas formic-anus F., alt ho a most serious pest in the poor, hilly 
lands of the interior, is of comparatively little importance on the 
richer loams or the sandy lands of the coast, where the host grows 
to much better advantage, matures more rapidly, and is further pro¬ 
tected from attack by the absence of cracks in the soil thru which 
the insect can reach the tubers. Even less successful in extending 
its range is another weevil of sweet potatoes, the scarabee, Euscepes 
batatae Waterhouse, which is still confined to limited areas where 
the first records of its presence in Puerto Rico were made. Its limited 
distribution is paralleled in the case of the papaya fruit fly, Toxo - 
trypana curvicaud a Gerstaeeker, which is Comparatively rare even 
in the restricted region where it is present. 

For the 29-year period, 1899 to 1928, no generally and seriously 
destructive hurricanes have happened to strike Puerto Rico. One 
consequence of this lengthy immunity from hurricanes was that the 
coffee shade tree ant, the “hormiguilla”, Myrmelackista* ambigua 
ramulorum Wheeler, became constantly more abundant, for old in¬ 
fested shade trees in the coffee groves became so large that they 
could not be removed without injury to the coffee trees underneath. 
The hurricane of San Felipe brought down these old guaba and 
guama trees, thus immediately eliminating the great bulk of the 
hormiguilla population of the grove. Only gradually, over a period 
of several years, as the freshly planted shade trees again attain con¬ 
siderable size, will the numbers of the hormiguilla again begin to 
increase.* 

The hurricane incidentally increased the number of the more 
common cotton insect pests in the few years immediately following, 
for the impoverished coffee growers in many cases attempted to grow 
cotton for a cash crop. Waves of infestation by the leaf caterpillar, 
Alabama argUlacea Hiibner, swept over these plantings, and infes¬ 
tations of the pink bollworm were built up, culminating in almost 
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total infestation of the end of the crop for 1931-32. Prom this 
high peak, cotton insects rapidly receded, due to the discouraged 
coffee planters abandoning the crop, and even cotton farmers ceas¬ 
ing to plant on account of low prices and the withdrawal of the 
sole buyer. The hurricane of San Cipri&n in the fall of 1932 de¬ 
stroyed the fruiting portions of the maga trees, thus eliminating 
the only important alternate host of the pink bollworm along the 
north coast. Where volunteer cotton plants still exist, the pink 
bollworm continues to persist, but in the main cotton region, around 
Isabela, where volunteer cotton plants had been eliminated years 
ago, the destruction of the fruiting portions of the maga trees and 
the absence of commercial cotton fields have, temporarily at least, 
entirely eliminated this pest from the region. 

Replacing the old standard varieties of sugar-cane grown, in 
Puerto Rico with BH (10)12 and SC 12(4) has considerably in¬ 
creased tonnage and sugar content, but it has also affected the com¬ 
mon caterpillar, Diatraea saccharalis F., which bores in the stalks, 
most advantageously to the insect. The new canes are larger and 
softer and sweeter than the old, and they appear to furnish a more 
desirable environment for the insect. Thus the numbers of this, the 
most serious pest of sugar-cane, have been on the increase, despite 
the fact that the non-burning of trash has been ever more widely 
adopted. Favoring its parasites by non-burning of trash can not 
begin to neutralize the effect of a more favorable environment fur¬ 
nished by the new varieties of cane. Thus, altho the net result of 
the change of varieties has been to increase production, this is despite 
the greater losses at present being caused by Diatraea > The stalk borer 
is not the only insect affected by the change in varieties. What was 
previously only a minor pest of sugarcane, the yellow aphid, Sipha 
flava Forbes, has also thereby been provided with a greatly superior 
host, from its standpoint. Because of some undetermined peculiar¬ 
ity of Uba and the Java canes, it often becomes enormously abun¬ 
dant on these varieties, and such mass infestations spread to adjoin¬ 
ing fields of B H (10) 12 and S C 12 (4), causing much greater and 
more extensive losses from this pest than were ever known on the 
standard varieties. 

The major and most obvious change which has occurred recently 
is in the status of white grubs, the numbers of which have decreased 
so greatly that only rarely and sporadically do they cause serious 
damage. Fifteen or tweiity years ago the damage caused by vphite 
grubs had attained its maximum, and at that time they were the 
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most serious pests of practically every crop grown on the island, 
such damage being most severe in the irrigated cane lands of the 
south coast. It was a common occurrence to have nearly mature 
cane so completely denuded of roots that the stalks could be pulled 
up with ease, or, in extreme cases, they would fall to the ground at 
a touch. White grubs were distinctly the main entomological prob¬ 
lem in Puerto Rico, and a consideration of methods of control oc¬ 
cupied the attention not only of entomologists but of cane growers 
and field men generally. As none of the methods of chemical con¬ 
trol or parasite introduction proposed by the entomologists proved 
to be economically feasible, or likely to produce results within a 
reasonable time, the field men were forced to adopt such obvious 
methods as hand picking of the grubs after the plow and of the 
adult beetles from young cane, expensive, essentially temporary and 
only partially effective as such methods admittedly were. 

Today it is difficult to realize the seriousness of the white grub 
menace, for the grubs are no longer present. Hand collection of 
the grubs and beetles has been almost universally abandoned be¬ 
cause it is no longer necessary, and is now so exceptionally used in 
rare instances only as to indicate how greatly the status of the white 
grub has changed. To be sure, cultivation practises have been im¬ 
proved, plowing is deeper, the land is better fitted for plant cane, 
and even the kind of cane itself is changed, being more vigorous 
varieties with stronger and more rapidly developing root systems, 
but these are only minor factors to account for the practical disap¬ 
pearance of the native white grubs generally from the cultivated 
fields of Puerto Rico. 

The major factor in a changed environment for white grubs is 
the introduction and wide-spread dispersal of the giant toad, Bufo 
marinus L. Nearly a third of the food of this animal in cane fields 
consists of May beetles, the adults of the white grubs. If the toads 
were comparatively scarce, as are the native toads for instance, their 
influence might be negligible, but as a matter of fact they are at 
the present time very numerous, not only along the coast, but also 
far up into the hillier districts of the interior. On account of their 
individual size, their abundance, and their preference for May beetles 
as food, they have rapidly changed the status of white grubs in 
the cane fields of the south coast, and in the agricultural regions of 
the island generally, from that of a major pest to one of comparatively 
minor importance. No prediction can be ventured as to how long 
this condition will last: whether it Is merely a temporary low for 
white grubs, or whether it may possibly be more or less permanent, 
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a permanent adjustment to the new factor. When the oscillations 
of the balance of nature are upset by the introduction of a new major 
factor, usually the numbers of the host are so greatly reduced by the 
parasite or predator that the parasite or predator shortly must per¬ 
ish in large numbers on account of lack of food. In the case of 
such an omnivorous predator as the toad, however, not limited in 
its choice of food to any particular kind of insect, the prospect of 
many individuals starving to death on account of lack of food may 
be indefinitely postponed, even if May beetles become much scarcer 
than they are at present. A considerable number of other Scarabaeid 
beetles, of little or no direct economic importance, but almost the 
equivalent individually of the May beetles in size, are very abun¬ 
dant at times, and these constitute even now a seventh of the food 
of toads in cane fields, and may come to be a more important factor 
if the number of May beetles shows a decrease below its present 
previously unprecedented low. 

Combining all the Scarabaeid beetle items in the toad’s food 
(amounting to nearly half of all food eaten) and adding to this an 
additional quarter consisting of millipedes, one can readily see how 
little is to be expected from the toad in affecting other insects, for 
the present at least, and so long as a sufficient supply of May beetles 
and millipedes is available. Eventually the changa may be much 
more generally eaten, but it was found to be only one-fortieth of 
the food in 1930-31 (2). Is it surprising that the changa continues 
to be a major pest, and that white grubs have almost disappeared? 

At times, and locally, even exceeding white grubs in numbers 
and in the damage it causes to cane is the weevil root-borer grub, 
Diarprepes abbreviatus L., the adult of which is an exclusively aerial, 
leaf-feeding, short-beaked weevil. The adult beetles rarely feed on 
cane leaves, but are a serious pest of citrus trees, especially of young 
trees which have just been set out in the grove, and they also feed 
on the tender leaves of numerous other trees of little or no economic 
value. So far as can be judged, the numbers of this pest now average 
little less than at any time in the past. Altho the exclusively aerial 
habits of the adults might appear to render them largely immune 
from being eaten by toads, the weevils in fact form the third largest 
single item in its food, an eighth of the total. Eventually this may 
be considerably increased if other large insects, such as the Scara¬ 
baeid beetles* become less numerous, and seems not only possible but 
decidedly probable. One other important factor tending to limit 
the number of Diaprepes is an egg parasite, Tetrastichus haitiensis 
Gahan. Not until 1929 was this common insect discovered in Puerto 
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Rico, but its so recent discovery can hardly mean that it was not 
previously present. The parasite is so common that it ordinarily 
destroys from 50 to 95 per cent of all egg-clusters laid between the 
leaves of citrus or wild fig, but it can not penetrate to the eggs when 
they are laid between the split tips of cane leaves, and these only 
were collected and examined by the earlier investigators. Thus the 
egg parasite is not a new controlling factor, like the introduced toad, 
and is static, not likely to greatly increase in importance in the near 
future. 

If any considerable decrease in the number of Diaprepes has al¬ 
ready occurred (altho at present imperceptible to entomologists or 
farmers generally), or does occur within the next few yeare, it pre¬ 
sumably will not be due to egg-parasites, but to a scarcity of other 
food forcing the imported toad to catch and eat larger numbers of 
these leaf weevils. 
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GUM-PRODUCING ORGANISMS IN SUGAR CANE 

By 

Melville T. Oook, 1 Ph. D., Plant Pathologist, 

Insular Experiment Station, Bio Piedras, Puerto Bico 
and 

Pablo Morales Oteko, M. D., Bacteriologist, 

School of Tropical Medicine, San Juan, Puerto Bico 

The importance of the gummosis disease of sugar cane and the 
advance in our knowledge of the subject since the publication of the 
previous papers by the senior author have made a further study of 
the subject very desirable. The most important of these advance¬ 
ments is in our knowledge of the geographical distribution and of 
new species or strains. 

History 

This disease was reported first from Brazil by Dranert in 1869 
but appears to have been knowta as early as 1863. It was reported 
next from Australia by Cobb who described the organism in 1894. 
He believed it to have been in the country as early as 1876. The 
wide separation of these two countries presented a very interesting 
problem in geographical distribution. Shepherd, of Mauritius, in his 
report for the International Survey of the Diseases of Sugar Cane 
(1932), said that it was probably introduced from Brazil to Mauritius 
on a shipment of seed cuttings in 1869 and from there to Australia 
in 1874. North, of Australia, in his report for the same survey, says 
that it was probably introduced into Australia from Mauritius in 
1874. The next report Was from Brazil in 1894, but it was less 
severe than in 1869, probably due to the use of resistant varieties. 
It was found in Puerto Rico by Matz in 1920 and reported the same 
year. It was discovered in St. Kitts of the British West Indies in 
1925 and reported by Ballou in 1926. It was found and reported 
from Colombia by Chardon of Puerto Rico in 1926. It was found 
and reported in Guadeloupe of the French West Indies by Williams 

1 This is the third paper on the gummosis of sugar cane by the senior author. 
B«r]y in 1982 the Junior author began to cooperate in the work and has made the stu¬ 
dies on the reaction of sugars to these organisms and also the serological studies. 
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(16) in 1929. It was reported from Dominica of the British West 
Indies by Ashby (1) in 1928-29; from St. Lucia of the British West 
Indies in 1929, and from Antigua of the British West Indies by Il¬ 
lingworth in 1930. 

In addition to the above places it has been reported from Fiji 
Islands, Java, Borneo, Reunion and New Guinea. The report from 
Java by Groenewege in 1915 was proven to be a mistake by Wilbrink 
who published the results of her studies in 1920. The disease which 
was supposed to be gummosis was found to be what is now known 
as scald (Phytomomas albilineans Ashby). The reports from Borneo 
and New Guinea have not been confirmed. 

The symptoms of the disease have been described by many students 
of the subject. The descriptions by the various authors are very 
harmonious. The senior author in his description which was pub¬ 
lished in 1928 makes the following statement: 

“The most reliable external symptom is the leaf streaks referred to by Matz 
and Cottrell-Dormer. However, this symptom is sometimes present on POJ canes, 
and occasionally on Uba and some other canes, although it is impossible to find 
any trace of gumming in the cut surfaces . 99 

Again in a paper read before the plant-pathology section of the 
Fourth Congress of the International Society of Sugar-Cane Techno¬ 
logists (1932) (8) he said, 

“Although the presence of these stripes is the most important external 
symptom I am satisfied that it is not always reliable. I have found infected 
canes which did not show these symptoms and 1 have found these symptoms in 
canes which did not show internal gumming or discolorations. * } 

Further studies in Puerto Rico on the symptoms of this disease 
following the publication of this first paper led to more confusion. 
The leaf symptoms appeared in several resistant varieties which did 
not show discolorations or gum in the fibro-vascular bundles of the 
stems or bacteria in the leaf stripes. Finally the senior author began 
referring to cases of this kind as 4 ‘false gummosis”. This phase of 
the problem was solved at the Fourth Congress of the International 
Society of Sugar-Cane Technologists which met in Puerto Rico, March 
1932, when it was found that this “false gummosis” was the same 
as a disease reported by Dr. Wilbrink of Java in 1929 as “ fourth 
disease” and by Martin of Hawaii in 1930 as “chlorotic streak.” 
It was also learned that this disease had been noted by Bell of Aus¬ 
tralia who referred to it as “false scald”. 

The leaf symptoms of this fourth disease or chlorotic streak are 
very similar to the leaf symptoms of the gummosis. The streaks 
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may be somewhat broader than in gummosis and the boundaries may 
be somewhat wavy. As a rule the reddish dots which are character¬ 
istic of the gummosis do not develop in fourth disease or chlorotic 
streak, but there is a reddish margin on the older streaks. 

The exudation of gum on the cut surfaces of the canes is the most 
reliable symptom of the disease. The diseased fibro-vascular bundles 
are usually discolored, the most common discoloration being red but 
a discoloration does not necessarily indicate the disease and the absence 
of gum on the cut surfaces does not necessarily indicate that the cane 
is free from the disease. During periods of very dry weather diseased 
canes may show discolorations and but little or no gum. During or 
following periods of wet weather the canes will show the gum in 
varying amounts, depending on several factors, such as weather con¬ 
ditions, length of time that the cane has been infected and variety 
of cane. 

Within the past few years certain variations in the morphologic 
and physiologic characters of the organism have been reported which 
make further study desirable. 

The writer sent cultures to Mr. M. C. Goldworthy of the Uni¬ 
versity of California in 1927 who compared them with cultures sent 
from Australia by Mr. A. F. Bell for that purpose. Under dale of 
June 27, 1927, he replied as follows: 

"Your vascular types are different from those we have received from 
Australia. That is they behave differently on media. So far I have had no 
opportunity of comparing the cultures by the serological method." 

Ashby (2) (1929) published the results of a study of this disease 
in the British West Indies in which he reported the finding of two 
organisms. He said: 

"Plantings in peptone saccharose agar made with yellow ooze from the stalks 
of affected canes in St. Kitts yielded two types of colonies, these, the more 
rapidly appearing (3 to 4 days) being entire convex, glistening and, at first, 
colourless but later pale yellow and spreading: the later appearing colonies were 
entire, flat, deeper yellow, and the growth more restricted. The first type of 
colony yielded a straw or amber yellow (Ridgway) abundant slimy growth on 
slanted agar in tubes with a marked tendency to run down and accumulate at 
the bottom of the slope; after inoculating into milk a shallow clear zone formed 
at the top of the liquid in two or three days at tropical room temperature with 
a bulky indistinct clot apparently due to a labenzyme and the reaction became 
increasingly alkaline. The second more slowly growing type of colony which 
was yellow from the start yielded a restricted glistening aniline to primuline 
yellow growth on the agar with a compact slime showing little tendency to flow. 
In litmus and plain milk no change occurred in a week but there was gradual 
increase of alkalinity subsequently. As the organism in the first type 6f colony 
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showed cultural characters different from those of B. vascularvm as described 
by Erwin F. Smith and as those of the second type were in agreement, with his 
description the first type was discarded and attention given to the second . 9f 

He secured cultures from North of Australia and made inocula¬ 
tions in cane in England which enabled him to compare the St. Kitts 
organism (second type) with Australian organism. The Australian 
type produced broader stripes, a withering of the heart and a rotting 
of the apical internodes. It was more severe than the St. Kitts 
second type. He said : 

“The original cultures of the St. Kitts organism (second type of colony) 
gave rise to a glistening restricted growth on peptone-saccharose agar (saccharose 
2.0, with peptone 0.5, dipotassium phosphate 0.05, magnesium sulphate 0.025, agar 
(bacto) 1.5, water 100.) between aniline and primuline yellow in colour (Ridg- 
way); the slime was compact drawing out, in cultures which had attained their 
full growth, into elastic threads and showing little tendency to flow. The growth 
was opalescent in oblique light and gelatine (10 per cent.) of the same composition 
as the agar medium was slowly liquefied after two weeks. Lavender-colour 
litmus milk became gradually strongly alkaline and after two to three weeks at 
23° C. began to clear from the surface with bleaching. After two to three months 
the milk had cleared with more or less suspended slime and restoration of the 
litmus colour but remained permanently strongly alkaline. If the milk carried a 
layer of fat a yellow growth developed on the surface and there was little deposit; 
in the semi-anaerobic conditions under the layer of fat, bleaching of the litmus 
was complete for a time, and it appeared that action on the milk was mainly 
by diffusion of metabolic products through the fat layer. In well-separated 
milk, surface growth was restricted to a yellow ring, there was active multiplica¬ 
tion within the liquid and a good yellow deposit associated with partial bleaching 
and more rapid restoration of the litmus colour. It is doubtful if, at aqy time, 
a true clot was formed, the eventual clearing being apparently due to increasing 
alkalinity since cleared cultures yielded a bulky precipitate when acidified with 
hydrochloric acid. The organism which was actively motile in young liquid 
cultures by means of a single polar flagellum exceeded 0.5 microns in diameter 
and was from 1.0 to 1.5 microns in length occurring singly, in pairs and more 
rarely in short chains. Most of the isolations showed colonies similar to those 
of the original isolation but those from the leaf stripes of Uba were dry, flat, rough 
and pale yellow with wavy margins, the growth from these colonies on agar slants 
was at first similar but tended gradually to take on the glistening smooth deeper 
yellow character of the original form. Some of the cultures from the isolations 
caused, like the original, a slow liquefaction of gelatine but others showed no 
trace of liquefaction at room temperatures after three months. The action on 
milk varied in the rate of change but there was no true clot and all eventually 
cleared with persistent alkalinity* 

4i The original culture from Australia gave rise on the agar to convex glisten¬ 
ing almost colourless colonies of a fluid slimy consistency which became paler 
yellow and spreading. On agar slants the growth was abundant, opalescent and 
fluid slimy with a tint from straw to amber yellow: the slime tended to flow and 
aecumulate at the base of the slant. On potato the growth was sulphur yellow 
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fluid and flowing off the surface but not so abundantly as the slime of B. Mai - 
vacearum E. F. Smith. Gelatine showed liquefaction under a week and a shallow 
clear zone formed at the surface of plain and litmus milk after three to four 
days at 23° 0 associated with the formation of a bulky indistinct clot apparently 
due to a lab-enzyme; alkalinity gradually increased becoming strong and per¬ 
sistent and the milk was completely cleared after two to three months of 23° C; 
the clearing appeared to be caused by peptonisation as no precipitation followed 
acidification with hydrochloric acid. Growth occurred as a yellow slimy layer on 
the surface of milk with fat present and absent. The organism was actively 
motile in young cultures and approximated in size to that of the St. Kitts form. 

“The colonies which appeared in platings made from the inoculated canes 
were not uniform in type; some resembled those of the original culture, but they 
were as a rule, mingled with others showing a piled-up deeper yellow colour, a 
dark opaque nucleus, and little tendency to spread; others again were at first flat, 
but changed to the second typa after a few days. Transfers from the different 
colonies to agar slants yielded, however, a similar pale yellow slimy fluid growth 
like that of the original form. All cultures from isolations behaved like the 
original culture in liquefying gelatine appreciably within a week and clotting 
milk in three to four days at 23° C. with gradually increasing alkalinity and in 
clearing it eventually but with marked differences in the rate of clearing as cul¬ 
tures from the second or * piled 1 up type of colony were slower in action. The 
isolation from Australia, showed therefore, cultural characters similar to those 
of the first type from ‘ gummed ’ cane in. St. Kitts, and it is believed now that 
they are probably identical. As tho cultures made from the isolations out of the 
different varieties were essentially similar to the two types used for inoculation, 
and as no evidence was obtained that the one type could change into the other, 
it would appear that two yellow forms may cause Gummy Disease occurring in 
some instances together and which differ in cultural characters enough to be 
considered as distinct varieties of B. vascularum. The strain described by Erwin 
F. Smith resembles the second type from St. Kitts differing from some cultures 
of it only in not eventually clearing milk, a difference which appears to depend 
on the amount of alkali produced; the alkaline body is either ammonia or an 
amine as the vapour from boiling cultures turns red litmus paper blue.” 

In August, 1930, a gummosis disease was discovered on POJ 2878 
at Jayuya, a point located in the center of the island and at an ele¬ 
vation of about 2,000 feet. This was especially interesting because 
this variety was supposed to be immune or highly resistant. 

The cane was sent to the laboratory and put in a moist chamber, 
where it produced a typical gumming within 24 hours. Owing to the 
fact that this variety was supposed to be immune, the senior author 
and Mr. Pedro Richardson, Agronomist, visited Jayuya in order to 
make sure that it was POJ 2878. After a careful examination, it 
was decided that there was no doubt as to the variety. The symp¬ 
toms were not quite typical. However, the gumming was so pro¬ 
nounced that it was detected by the foreman who was making cuttings 
for planting. The behavior of the organism in culture was typical 
of B. vascularum* 
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This outbreak was described by the senior authority- 

as follows : 

“The cane was about seven months of ago from date of planting and the 
infection was well over 75 per cent. 

“The external symptoms were somewhat different from those described by 
the various writers on the subject. The early symptoms were not found but the 
late symptoms were very abundant. These symptoms consisted in a dying of the 
tissues in the leaves along the veins, thus producing elongated areas of dead 
tissue which frequently extended to the leaf margins. In many cases the margins 
of the leaves also were dead. When the tops of the canes were cut across, many 
of them showed a gumming, which was much more pronounced when the cuttings 
were kept in moist chamber for a few hours. 

“The gum was not the typical honey yellow which has been described by 
several writers, but ranged from clear to creamy white or yellow, and in some 
cases was slightly tinted with honey yellow. ” 

The further history of this outbreak is as follows: 

A field test with healthy P.O.J. 2878, 2883, 2714, 2727, P.Ii. 
801, 803, 807, 809, 820, 826, P.C. 916 and Guadeloupe 119 was 
started in which every third row was planted with infected P.O.J. 
2878, so that every variety of healthy cane was in contact with an 
infected row. The rows were five feet apart and consisted of 50 
stools each. The field of infected cane was plowed out. 

At this same time cuttings of the same varieties were set in our 
greenhouse, and the young canes inoculated with cultures prepared 
in the laboratory. Some of P.O.J. 2878, 2883, P.R. 807, 809, 826, 
F.C. 916 and Guadeloupe 119 developed slight symptoms and the 
organism was recovered from them but in an attenuated form.. After 
a time the new growths failed to produce symptoms and it was im¬ 
possible to recover the organism. 

The field test w&s cut January 20th, 1932, and carefully examined 
by the writer. Neither symptoms nor gumming were found in any 
of the varieties, nor in the rows planted with infected cane. A few 
canes showed slight discolorations of the fibro-vascular bundles, but 
no gumming. They were brought to the laboratories and used for 
cultures. P.O.J. 2883 and P.C. 916 produced a gum organism which 
is not typical. The color of the gum is greyish, almost clear; some 
times tinted with yellow. 

The greenhouse tests made by the writer with organism from 
P.O.J-2878 at Jayuya lead the writer to believe that P.O.J.-2878, 
P.O.J.-2883, P.R.-807, P.R.-809, P.R.-826, P.C.-916 and Guade¬ 
loupe 119 may be symptomless carriers although this has not been 
demonstrated. However, the studies during 1933 show that P.O.J.- 
2878 when inoculated with an extremely virulent strain of B . vas* 
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cularum will sometime develop leaf symptoms. It is the opinion of 
the writer that these varieties are so resistant as to be practically 
immune and that the experiments indicate that it is possible for a 
very highly resistant or apparently immune variety to be a carrier 
of this disease. 

Cultures for P.O.J. 2878 were sent from Puerto Rico by the writer 
to Mr. A. F. Bell of Australia for comparison with the Australian 
organism. He replied as follows: 

‘ ( I desire to acknowledge receipt of your letter of 22nd October, also of 
four cultures. Of the latter three were apparently pure and one contained a 
yeast. The former were re-isolated and examined and compared with the organism 
of leaf-scaled, gumming, red stripe, and mottle stripe. Your organism is quite 
distinct from any of these four. 

“Parallel inoculations were made (in the transfer chamber) into cut shoots 
of Badila and from this small test your organism seemed much more virulent 
than the above four stains. 

“At the end of two days the lesions were about one-fourth inch in diameter 
and consisted in dark-red rings surrounding a water-soaked greenish or yellowish 
area. Later the centers became ashy coloured and the red ring surrounded by a 
yellowish halo. 

“I enclose a photograph of the lesions. The cultures and experimental 
material have now been destroyed. Our experience so far it that P.O.J. 2878 is 
highly resistant to gumming disease. ’ ’ 

The senior author wrote another letter to Mr. Bell making in¬ 
quiry as to the morphological characters of the Puerto Rican and 
Australian organisms. He replied (under date of March 30th, 1931) 
as follows: 

“Your letter of 10th February to hand. With reference to the organism 
you sent, this was quite distinct from our B. vascularwm both culturally and 
morphologically. One considerable difference was that the organism received 
from you had flagella at both poles while the gumming organism has a singled 
flagellum only. The organism to which it bore most resemblance was that causing 
mottle stripe. ” 

An examination of the photograph (Fig. 2) of this organism, 
made by Mr. Bell, shows that it is quite distinct from B. vasc-ularum . 
The studies by Ashby and by the senior author emphasize the im¬ 
portance of more extensive studies on this disease and its cause or 
causes in different parts of the world. 

1932 Studies 

There was a severe outbreak of gummosis on the small island of 
Vieques in March and April 1932 and slight outbreaks in the vicin- 
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ity of Rio Piedras and Can6vanas. The senior author made a spe¬ 
cial study of infected Cristalina from the island of Vieques on a 
very small mixed planting near Can6vanas and on mixed plantings 
containing Cristalina near Rio Piedras during 1932. Vieques is a 
small island just east of Puerto Rico and has much less rainfall than 
Puerto Rico. Cristalina has been retained there as the variety of 
major commercial importance long after it gave way to other varie¬ 
ties in Puerto Rico. It is very susceptible to this disease and the 
infection is very near to 100 per cent. The rainfall was exceptionally 
high during the spring of 1932 and the disease was very evident. 
Most of the cuttings showed a high yield of gum. 

Many cultures were made and studied. The results confirmed the 
opinions of the senior author which were published in 1928. There 
were many strains which varied in color and character of growth. 
These results are shown in table I. 


Table I. 


Source 

Color 

Growth on 
new cul. 

Inoc. 6/20 
Symptoms 
0/24 

June 18th 
Symptoms 

July 1 
Symptoms 

July 18 
Symp¬ 
toms 

Australia. 

Yellow ... 

Poor. 

POJ-2878 

Crist none.. 

POJ-2878 





none 


none .... 

None 

Jayuya FC-916. 

White .... 

Poor. 

POJ-2878 

Crist none.. 

POJ-2878 





none 


none .... 

None 

Vieques 6032. 

Canary 

Poor. 

POJ-2878 

Crist none.. 

POJ-2878 



Yellow 


none 


none .... 

None 

Vieques Crist. 

Yellow ... 

Good. 

PO 1-2878 

Crist none.. 

POJ-2878 





none 


none .. 

None 

Vieques. 

Yellow ... 

Fair. 

Very Slight 

Crist none.. 

POJ-2878 







none ...; 

None 

Vieques. 

Yellow ... 

Good. 

Good. 

Good. 

POJ-2878 







none .... 

ISlight 

Vieques. 

Yellow ... 

Good. 

Very Slight. 

Very Slight. 

Slight .... 

None 

R. r. Crist. 

Yellow ,,. 

Good. 

Good. 

Goodi. 

18 in. 

Slight 

Jayuya POJ-2878., 

White .... 

Poor . 

Very Slight. 

Slight. 

in. 

Slight 

Vieques. 

White .... 

Good. 

Slight. 

Very Slight. 

Outgrown 

None 

Vieques. 

Yellow .. 

Fair. 

Slight. 

None. 

Outgrown 

None 

R. P. H.—109 slow.. 

Yellow ... 

Fair. 

Slight.-. 

Very Slight. 

Outgrown 

None 

R. P. H.—109 slow,. 

White .... 

Poor 

None. 

Very Slight. 

Outgrown j 

None 

R t. H,—109slow.. 

White .... 

Poor...... 

Slight. 

None. 

None. 

None 

R. P. H.—109slow,. 

White .... 

Good. 

Slight. 

Very Slight. 

Outgrown 

None 


R. P. H.—109 —H 109 from Rio Piedras. 

The results given in this table confirm the opinion of the senior 
author expressed in 1928 that this species included a large number 
of strains which varied in color, growth and virulence. 
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1933 Studies 

The first half of 1933 on Vieques was very dry as compared with 
1932. The Cristalina and Eayada (a variety of Cristalina) canes 
were very heavily infected with B. vascularum but the exudation of 
gum was much less than in 1932. A large number of isolations were 
made and used for laboratory study. All the cultures used in 1933 
were new and from Vieques canes except three: -Nos. 1 and 2 were 
1932 cultures which had lost their virulence but made excellent 
growths on agar. No. 23 was a culture sent to the senior author by 
Mr. A. P. 'Bell of Brisbane, Australia, late in 1932 and received in 
January, 1933. 

The laboratory studies showed a large number of strains which 
possessed the following characters: 

1. Color .—Various shades of yellow and milk white, while others 
were clear or sometimes clear and slightly tinted with yellow. A few 
were brownish. In many cases the first growth of a yellowish exuda¬ 
tion was white when transferred to agar. Many strains changed color 
on the agar. The strains were grown on different media and at dif¬ 
ferent pH but up to the present time the changing of colors has not 
been explained. The best growths were made in acid media but good 
growths were made on alkaline media as high as pH 9.6 although it 
was slower than on the acid media. Strains also changed from rough 
to smooth and smooth to rough without any apparent cause. 

The variations in color were in harmony with those reported by 
the senior author in 1928. Cobb reported variations in color in 
1905 but other writers did not give much attention to this phase of 
the subject. Possibly the material which they were studying did 
not show the extensive variations which are reported by the authors 
of this paper. 

Some strains were extremely virulent while others were slightly 
virulent as shown by the leaf symptoms. Others did not produce 
leaf symptoms but grew in the canes as was shown by the exudations 
when the canes were cut and kept in a warm, moist chamber. 

There was very little relationship between color and virulence al¬ 
though in general it may be said that the yellow strains were slightly 
more virulent than the others. 

No experiments • were made to determine temperature relation¬ 
ships but cultures that were put in incubators and refrigerators died 
in a short time. { 

Two series of inoculations were made and recorded in Table II. 
Other inoculations were made but the results were the same as shown 
in this table. * 
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Tablb II. 


No. 


1 

2 

8 

4 

5 

6 
6 

7 

8 
9 

10 

11 

12 

18 

n 

14 

14 

16 

16 

17 

17 

18 
19 
22 
28 

24 

25 

26 
27 


28 

29 

30 
81 
82 
82 
38 
84 
36 
36 


Color 


Yellow. 

White. 

White. 

Almost clear. 

White, yellow with age 

Yellow. 

White. 

Yellow. 

White, yellow with age 
Clear, brown with ago. 
White, brown with age 

Whito. 

Whitish, almost clear.. 

Yollow. 

White. 

White. 

Yellow. 

White. 

Clear, yellow tint. 

Clear, yellow tint. 

Yellow. 

•White. 

White. 

White. 

Yellow. 

Clear, white tint.. 

White. 

Yellow. 

Yellow. 

Light yellow. 

White. 

Yell »w (rough) . 

Yellow (smooth). 

White. 

t lear. 

White. 

Yellow.. 

Y'ellow.. 

Yellow. 


No Infection. Was virulent in 1932, 

No infection. Was vlrulentjn 1932. 

No infection. 

No Infection. 

Mild symptoms on Cristallna. 

Symptoms on Cristaliua and H-109. 

Symptoms on Cristallna and H-109. 

Symptoms on Cristallna and H-109 and POJ-2878. 

Not infectious. 

Not infectious. 

Not infectious. 

Mild symptoms on Cristalina. 

Not infectious. 

Symptoms on Cristallna. 

Symptoms on Cristalina. 

Not infectious. 

Not infectious. 

Very slight symptoms on Cristalina. Developing very slowly. 
Mild symptoms on Cristalina and H-109. 

Mild symptoms on Cristallna and H-109. Developing very slowly. 
Not infectious. 

Not infectious. 

Symptoms on Cristalina and H-109. 

Symptoms on Cristalina and H-109 and POJ-2878, 

Very mild symptoms on Cristalina. 

Symptoms on Cristalina, H-109 and POJ-2878, 

Symptoms on Cristalina and PR-803. 

Symptoms on Cristalina. 

Symptoms on Cristalina, H-109 and POJ-2878. 

Very slight symptoms on KC-916. 

Symptoms on Cristalina, H-109 anti very slight symptoms on M-28. 
Symptoms on Cristallna. 

Symptoms on Cristalina and POJ-2878. 

Symptoms on Cristalina. Slight symtoms on PR-803. 

Symptoms on H-109. 

Symptoms on Cristallna. 

Symptoms on Cristalina. 

Symptoms on Cristalina. 

Slight symptoms on Cristalina. 

Symptoms on Cristalina. 


Nos. 1 to 23 inoculated 5/6/38. Nos. 24, 36. inoculated 5/19/33. Time for appearance of 
leaf symptoms one to three weeks, occasionally longer. Nos. 1 and 2 were 1932 culture which 
lost their virulence. No. 23 from Australia. All others were 1933 cultures. 


Methods op Inoculations 

Several methods of inoculation were used as follows: 

1. Pricking the cultures into young cane or leaves with a needle. 
This was successful but slow and the percentage of takes less than 
with the other methods. 

2^ Cutting of the tops of the canes almost down to the growing 
points and the immediate application of the organism in agar. Then 
covering the mass with a pad of wet cotton. These inoculations were 
made late in the afternoon so that the agar would remain moist as 
long as possible. In some cases distilled water was poured on the 
cotton one or more times during the following day. The inner leaves 
push upward within 48 hours and if the variety is very susceptible 
'white streaks will be found running downward. Varieties that are 
practically immune will not show these streaks. Sometimes streaks 
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three or four inches in length, will develop in highly resistant variety. 
However, they do not lengthen after the first few days and the or¬ 
ganism dies. 

3. Cutting a small hole into the spindle above the growing point 
and the insertion of the organism from an agar culture. Within ten 
days or two weeks the injured parts of the leaves pushed out and 
unrolled. The presence of the organism could be determined by the 
development of white streaks in the leaves running up and dpwn 
from the point of injury. The variations in time depended on the 
resistance of the variety and the virulence of the strain in the culture. 

4. The inoculation of the organism from agar cultures into the 
stem below the growing point. This method was successful but slow. 
A high percentage of gum pockets resulted. 

5. Removing the upper half of an advanced cane so as to force 
the development of side shoots. When the side shoots are well ad¬ 
vanced cut holes in the old cane and insert agar containing the or¬ 
ganism. 

6. The insertion of pieces of diseased cane into slits in the spindle 
or cane. The results were practically the same as when agar cul¬ 
tures were used but more uncertain. 

7. Inoculation of seed cuttings by the insertion of the organism 
from cultures in holes cut in the seed pieces. This method was slow 
and the results irregular. 

The results of the inoculations not given in the Table II may 
be summarized as follows: 

Rapid-growing canes respond to inoculations much more readily 
than slow-growing canes. 

Canes inoculated with a culture may show negative results at 
one time and mild symptoms at another time. The symptoms may 
develop more slowly in some cases than in others although the inoc¬ 
ulations are made from a single culture and on one variety. Some 
strains do not produce leaf symptoms but do produce gum in the 
canes and in cultures. 

When an infected cane is cut across and placed in a warm, moist 
chamber, the gum oozes out on the cut surfaces, sometimes in such 
great abundance as to cover the entire cut area. Two or more colors 
may emerge from a single piece. When the gum is transferred to 
agar plates, it makes a very rapid growth. Sometimes all the colors 
persist and sometimes the deep yellow makes a clear growth. Some 
of the clear growths from yellow gum become yellow later and some 
remain yellow. The yellow strains show a great tendency to produce 
modifications of yellow and sometimes become clear or white. Some 
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strains grow much more luxuriantly than others. Some strains are 
much more virulent than others. Some strains that produce gum 
in the cane and in culture do not produce leaf symptoms. Positive 
results may be obtained from cultures of all colors and all tints but 
in general the yellows are more virulent than the other colors. 


Bacteriological Study 

Twenty-seven cultures collected in 1932 and previous to that 
date were studied and classified as follows: 

Group I .—Is composed of five cultures isolated from the island 
of Vieques. They produced an abundant canary-yellow growth in 
twenty-four hours. They are bacilli arranged parallel and side to 
side, motile and show no spores nor capsules. The colonies are ho¬ 
mogeneous, entire edged, straw in color, stain negative to Gram, 
growth in broth is turbid, agar stroke is slow, confluent, smooth, 
viscid and opaque and show no change in litmus milk. It does not 
ferment dextrose, lactose, dulcite, manite, maltose, sucrose, xylose 
or arabinose; does not produce hydrogen sulphide nor indol; the 
V.P. and M.R. reactions are negative; does not reduce nitrates, has 
no odor and emulsify very poorly. This group of organisms is iden 
tical with the cultures of B. vascularum isolated in Australia that 
we had previously studied. 

Group II .—This group consisted of twelve cultures isolated from 
**Cristalina’ 7 cane in Vieques and from “F.C.-916” cane in Jayuya 
Some produced a whitish-gray growth while others had a lemon- 
yellow growth. They are bacilli arranged side by side, parallel or 
end to end, motile, have no spores nor capsules. The colonies are 
homogeneous, entire edged, and straw in color. They are negative 
to Gram stain, grow slowly in broth with slight turbidity. In agar 
the growth is slow, confluent, raised, smooth, viscid and opaque. 
There is no change in litmus milk, no acid is produced in arabinose, 
xylose, dextrose, lactose, dulcite, manite, maltose and sucrose. They 
prodqce no hydrogen sulphide and no mdol; the V.P. and M.R 
reactions are negative; they do not reduce nitrates, do not produce 
any odor and have a poor emulsificability. 

Group III ,—Is composed of ten cultures isolated from 
2878” at Jayuya and “Cristalina” cane from Vieques. The growth 
of some of the cultures is absolutely colorless and in others is enamel 
white. They are bacilli which are found singly or in short chains, 
motile, form no spores nor capsules and are negative to Gram stain* 
The colonies are granular, straw in color and have entire edge. The 
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growth in broth is slight turbid with filament and at times a ring 
adherent to the tube is formed. The agar stroke is filiform, elevated, 
smooth and translucent or white. They do not ferment dextrose, 
maltose, manite, xylose, sucrose, arabinose or dulcitol; they do not 
produce hydrogen sulphide and the V.P. and M.R. reactions are neg¬ 
ative. They do not reduce nitrates, have no odor and have poor 
emulsificability. 

The cultures studied differ in pigment production but their sugar 
fermentations are similar. In 1933, eighteen cultures have been 
studied, ranging in color from yellow, white, creamy, lemon-yellow, 
grayish white to colorless. Thirteen of the cultures are bacteriolog- 
ically similar to the description given in Group I of the 1932 cul¬ 
tures, that is, they are Gram negative organisms, motile, do not fer¬ 
ment any of the sugars tested, do not produce hydrogen sulphide, 
have no change in litmus milk, do not produce indol, do not reduce 
nitrates, the V.P. and M.R. reactions are negative, they have no odor 
and have very poor emulsificability. 

Table 111. 


FERMENTATION REACTION, 1933 CULTURER 


Culture B 

Isolated from 

Color 

Glucose 

Manite 

Lactose 

Xylose 

Saccharose 

Maltose 

Dulcite 

Arabinoses 

28 

Australian culture... 

Yellow. 









24 

Cristallna. 

White. 









26 

Cristallna. 

White. 









26 

Cristallna. 

White. 

4- 

4 



4 


4 

4- 

27 

Cristallna. 

Yellow. 








21 

Cristallna . 

Creamy yellow... 





. i 




29 

Cristallna . 

White. 





i 




SO 

Cristallna. 

Creamy yeliow.,. 









81 

Cristallna . 

Creamy yellow,.. 









82 

Cristallna. 

Colorless' . 









82 c 

Cristallna . 

Yellow. 









83 

Cristallna. 

White. 

+ 

■f 


4 

4 

4 

4 

•4 

84 

Cristallna. 

Yellow. 









85 

Cristallna... 

Grayish white.... 









86 

Cristallna. 

Grayish white.... 









87 

Cristallna. 

White. 

4- 

4 


4 

4 

4 

4- 

4 

88 

Cristallna. 

Yellow. 

4- 

+ 


4- 

•f** 

4 

4- | 

4 

89 

Cristallna. 

White. 

-i- 

+ 



4 

4 

4 

-f 













There are five cultures labeled 26, 33, 37, 38 and 39 which range 
from white to yellbw color and which are absolutely different from 
the others macroscopically. They are bacilli arranged singly, motile, 
form no spores nor capsules. The colonies are finely granular, straw 
in color and entire edged. They are Gram negative. The growth 
in broth is heavy and granular; agar stroke is filiform, elevated, 
smooth and whitish in color. They produce slight acidity and coagu¬ 
lation in milk. They produce acid and gas in glucose, manite, xylose, 
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sucrose, maltose, clulcite and arabinose. They do not ferment lactose. 
They produce hydrogen sulphide; indol is negative; V.P. and M.R. 
reactions are negative; they have no odor and emulsify very poorly. 
These cultures produce a gummy substance but it is still questionable 
to our mind if they produce true gummosis. 

Serological 

Two rabbits were inoculated intravenously with cultures 32 c 
and 33, respectively, and two potent antisera were obtained. Ry di¬ 
rect agglutination cultures 23, 24, 25, 27, 28, 29, 30, 31, 32 and 32 c, 
34, 35 and 36 agglutinated to different titers with antiserum 32 c, 
while they did not agglutinate at all with antiserum 33. The same 
was true of cultures, 33, 26, 37, and 39, which agglutinated with 
antiserum 33, but did not agglutinate at all with antiserum 32 c. 
This demonstrates that 13 cultures are antigenically alike, one of these 
strains, 23, being a known gummosis strain isolated from Australia. 
The other five cultures, i.e., 33, 26, 37, 38 and 39, are antigenically 
different from the first 13 cultures studied. 
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Explanation of Plates 

The photographs were not made on the same scale but the 
measurements were practically the same in all cases. 

Fig. 1.— B. vascvlarum. Photographed by W. Cottrell-Dormer of 
the Bureau of Sugar Experiment Stations, Brisbane, Australia. 

Fig. 2. —The organism from the gumming cane (P.O.J.-2878) at 
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Jayuya, Puerto Rico. Photographed by A. F. Bell, of the Bureau 
of Sugar Experiment Stations, Brisbane, Australia, from a culture 
sent to him by the senior author. 

Fig. 3.— B. vascularum from white culture from Cristalina from 
Vieques. 

Fig. 4.— B. vascularum from yellow culture from Cristalina from 
Vieques. 

Note. —Numbers 3 and 4 photographed by Mr. Brewer and Dr. 
Artschwage of the U. S. Department of Agriculture. 



PLATE XXI 











RESEARCH ON SHORTENING TIME WITHOUT AFFECTING 
THE ACCURACY OF DYER’S MODIFIED METHOD FOR 
THE DETERMINATION IN SOILS, OF PHOSPHORIC 
ACID, LIME AND POTASH SOLUBLE IN CITRIC 
ACID SOLUTION (1 PER CENT) 

Juan Amed£e Bonnet, Chief of Soils Division, 

Fernando A. Viluamil, Soil Chemist, 

Insular Experiment Station, Bio Piedras, P. B. 

Since the soil survey of Puerto Rico started in 1928 under the 
joint cooperation of the U. S. Bureau of Chemistry and Soils and the 
P. R. Insular Experiment Station, the soil samples sent by the field 
staff have been analyzed for phosphoric acid, lime and potash soluDle 
in 1 per cent citric acid solution. Before this research was under¬ 
taken as one of the projects of the new Soils Division officially created 
in June 1931, the method used was as follows: 


Dyer’s Modified Method (3) 

“Place 100 grams of the air dried soil sample in a Winchester acid 
bottle. Add 1 liter of a 1 per cent citric acid solution. Shake in a 
shaking machine 6 hours. Let stand overnight to clear. Filter off 
about 700 cc of the clear supernatant liquid through a double 
filter paper. Evaporate exactly 500 cc nearly to dryness in a 
600 cc beaker on the hot plate, then transfer the resulting dark col¬ 
ored solution to a platinum dish (using hot water) and evaporate to 
dryness on a water bath. Completely dry the sticky residue (2 hours 
in a hot air oven at a temperature of about 120° C.). 

“Ignite the residue in the platinum dish in a muffle at low tem¬ 
perature (dull redness) for about 2 hours to remove organic matter. 
The char should now be gray in color. Moist with con. HC1, add a 
little hot water and evaporate to dryness on the water bath. Leave 
on water bath at least 1 hour to dehydrate any silicic acid still re¬ 
maining as such. Take up in a little con. HC1; add a little water; 
heat one-half hour on a water bath; add more hot water and filter. 
Wash five times with hot water slightly acidified with HC1; make 
up to at least 300 cc with hot water. To the clear filtrate add 2 or 
3 cc of con. HNO* and boil 15 to 20 minutes to oxidize all organic 
matter in solution. Precipitate Fe, Al, Ti and P 2 0 8 with NH 4 OH in 

287 
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hot solution, filter and wash free from chlorides with hot water. In 
case of insufficient Fe to color the solution slightly brown, add a few 
cc of a 10 per cent FeCl 3 solution before precipitation. (This is to 
insure complete ppt. of P2O5.) 

Phosphoric Acid, P2O5 

“ Dissolve the above ppt. in dil. HN 0 3 and boil. Cool slightly, 
nearly neutralize with NH 4 OH add 5 grm. NH4NO3 and ppt. P2O5 
with 25 cc molybdate sol. at 65° C. Let stand 20 min. at 65° then 
let cool. Filter through asbestos, thoroughly wash and det. P 2 0 5 vol- 
umetrically. 

Lime, CaO 

‘ * Evaporate down to 150 cc the filtrate from Fe and Al, make very 
slightly alkaline with NH 4 OH and ppt. Ca as oxalate with ammonium 
oxalate in hot solution. Let stand on the water bath 1 hour then cool 
over night. Filter, wash with cold water, dissolve in H2SO4 (1 to 5 
by vol.) and titrate with a standard KMn0 4 . 

Potash, K 2 0 

“Acidify filtrate from Ca slightly with dil. H2SO4. Evaporate to 
dryness in a beaker, transfer to platinum dish and run to dryness. 
Carefully ignite off excess of H 2 S0 4 and all ammonium salts over a 
free flame; take up residue with hot water, filter into porcelain evap. 
dish and add 2 or 3 drops of dil. HC1 and sufficient platinic chloride 
sol. to ppt. all the potassium. Evaporate nearly to dryness, filter, 
wash and weigh as potassium platinic chloride in the usual gravimet¬ 
ric way.” 

Experimental 

The modified procedures introduced have been as follows: 

Place 150 grams of the air dried soil sample in a Winchester acid 
bottle. Add 1500 cc of a 1 per cent citric acid solution. Shake in a 
shaking machine, 6 hours. Let stand overnight to clear. Filter. 

Phosphoric Acid, P2O5 

Measure in a beaker, 500 cc of the filtered citric acid extract. 
Add 10 cc HNO3 and 30 cc HC1. Evaporate in hot plate, nearly to 
dryness, Transfer to evaporating dish and dry residue carefully, in 
sand bath. Ignite the residue at low temperature to destroy the un- 
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decomposed organic matter and complete the dehydration and destruc¬ 
tion of silicates. Dissolve in 5 cc HNO3 and 15 cc HOI, dilute with 
water and filter. Follow official molbydate volumetric method. (IE 
a brown color due to manganese persists in the solution after neutral¬ 
izing with NH4OH and acidifying with HNO s , heat to coagulate the 
colloidal suspension and filter.) 

Lime, CaO 

Measure in a beaker, 100 cc of the filtered citric acid extract. 
Determine lime by Chapman’s ( 4 ) method as follows: 

To the solution containing Ca, Mg, Mn, Fe, Al, Ti, and P 2 O 5 add 
about 6 grams of NH 4 C1. One gram of oxalic acid in solution, 10 
cc of 1.76 normal acetic acid, and 10 drops of .04 per cent brom cre- 
sol green, are added. The solution is made to a volume of about 200 
cc and brought nearly to boiling. Dilute ammonia is added slowly 
until a drop of the solution added to a drop of brom cresol green in 
a porcelain spot plate changes from yellow thru yellowish green to 
the first pure green (pH3.9-4.2). The solution is then boiled gently 
for five minutes, the calcium precipitating in a coarse crystalline 
state. The precipitate is then allowed to stand on a steam bath un¬ 
til it wholly subsides. Allow the solution to cool before filtration. 
Wash five times with cold water. Determine CaO by the official per¬ 
manganate volumetric method. 

Potash, KoO 

Evaporate 500 cc of the filtered extract nearly to dryness, on the 
hot plate. Transfer the resulting dark colored solution to a silica 
dish (using hot water) and carefully evaporate to dryness on a sand 
bath. Ignite the residue in a muffle to about 1000° F. (incipient red 
heat) for about 2 hours to remove organic matter. Add 15 cc IICl, 
add a little hot water and evaporate to dryness on the water bath. 
Take up in 5 cc of HC1 and water, heat for 30 minutes on a water 
bath; add more hot water and filter. Wash three times with hot 
water and make up to about 200 cc. To the clear filtrate add 2 cc of 
HNO 3 and boil 10 minutes to oxidize all organic matter in solution. 
In hot solution, precipitate Fe, Al, Ti and P 2 O 0 with NH 4 OH adding 
also 25 cc of saturated ammonium oxalate solution to precipitate Ca 
and Mg. Filter and wash well with hot water. (In case of insuf¬ 
ficient Fe to color the solution slightly brown, add a few cc of a 10 
per cent FeCl 8 solution before precipitation. This is to insure com¬ 
plete precipitation of P2O5.) 
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To filtrate add 2 ce H 2 SO 4 (1:1) and evaporate to dryness in sand 
bath. (It is convenient to add 5 cc of HNO* before evaporating to 
dryness to avoid losses due to the creeping out of the salts.) Ignite 
to whiteness to expel ammonium salts. Extract with hot water and 
filter. Determine K 2 O by the official Lindo-Cladding method. 


Analytical Results op Percent CaO by Chapman’s Method 


Comparative values by Student’s method of percent CaO as de¬ 
termined by Dyer’s modified and Chapman’s methods are expressed 
in table I. To eliminate personal error, all analyses by both methods 
were performed in the same extraction by the same chemist, P. A. 
Villamil. The letters A or B following a sample number represent 
duplicate extractions. The values in columns A and B represent per¬ 
cent CaO obtained respectively, by the Dyer modified method and by 
the Chapman method. The values of column (A-B) are obtained 
by subtracting the values of column B from those of A. The factor 
.9702 was obtained by dividing the total of column A by that of B. 
The values of column C are obtained by multiplying that factor by 
the values of column B. The values of column (A-C) are obtained 
by subtracting the values of column C from those of A. The values 
D and D 1 represent mean deviations. The standard deviation of the 
mean of column (A-B) is obtained by the formula: 


S. D. 


V 


SmD 2 

n(n-l) 


where SmD 2 is the sum of the values D 2 and n, the number of ob¬ 
servations. The standard deviation of the mean of column (A-C) is 
obtained by that same formula substituting Sm(D 1 ) 2 for SmD 2 . 

The value Z represents the ratio of the mean of column (A-B) 
to the square root of the mean of the values D 2 . The value (Z l ) re¬ 
presents the ratio of the mean of column (A-C) to the square root 
of the mean of the values (D 1 ) 2 . The statistical interpretation of the 
results was obtained with values Z and n in the Student’s table mod¬ 
ified by, Love ( 9 ), n=91 in this case. 
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Table I. 

COMPARATIVE VALUES BY STUDENT’S METHOD OF PERCENT CaO AS DETERMINED 
BY DYER'S MODIFIED AND CHAPMAN’S METHODS. 


No. 

Dyer’s 

A 

ofo CaO 

Chapman’s 

B 

Ofo CaO 

A —B 

D 

(A-B+.014) 

D* 

C 

( 9702 B) 

A-C 

ir 

(A-C- 

.0004) 

(D’)» 

1 

.260 

.288 

- .022 

—.008 

.000064 

.279 

—.013 

— .0134 

.00017956 

2 

.097 

.731 

— .084 

—.020 

.000400 

.709 

—.012 

— .0124 

.00015876 

3 

.211 

.260 

— .019 

— .006 

.000025 

.252 

—.011 

— .0114 

.00012996 

4 

.118 

.126 

— .008 

.006 

.0q0036 

.122 

—.004 

— .0044 

.00001986 

6 

.084 

.118 

— .034 

— .020 

.000400 

.114 

— .030 

— .0304 

.00092416 

6 

.051 

.064 

— .013 

.001 

.000001 

.062 

— .011 

— 0114 

.00012996 

7 

.618 

.629 

— .011 

.003 

.000009 

.613 

.005 

.0046 

•00002116 

8 

.066 

.070 

— .005 

.009 

.000081 

.068 

— .008 

— .0034 

•00001156 

9 

.081 

.095 

— .014 

0 

o 

.092 

- .011 

—.0114 

•00012996 

10 

.868 

.958 

— .090 

-.076 

.005776 

.929 

—.061 

—.0614 

• 00376996 

n 

.110 

.137 

-.027 

— .018 

.000169 

133 

—.023 

—.0234 

•0005*766 

12 

.087 

.098 

— Oil 

.008 

.000009 

.096 

— .008 

— .0084 

•00007056 

13 

.878 

.403 

— .025 

-.011 

.000121 

.891 

—.013 

— 0134 

•00017956 

14 

.079 

.084 

— .005 

.009 

.000081 

.081 

—.002 

— *0024 

• 00000576 

16 

.171 

.168 

.003 

.017 

.000289 

.163 

.008 

'0076 

•00005776 

16 

.266 

.314 

— .048 

— .084 

.001156 

. 805 

*-.0:<9 

— ‘0394 

*00155286 

17 

.962 

.960 

— .008 

.006 

.000036 

.981 

.021 

'0206 

>000424*16 

18 

.564 

.596 

— .042 

— .028 

.000784 

.578 

.024 

— 024 4 

4ldU 

• 00059586 

19 

.137 

.151 

-.014 

0 

0 

.147 

.010 

—'0104 

00010816 

20 

.129 

. 154 

— .025 

— .011 

.000121 

.149 

— .020 

— 0204 

•00041616 

21 

.224 

.238 

— 014 

0 

0 

.281 

”“.007 

'0074 

*00005476 

22 

.756 

.795 

— .039 

— .025 

.000625 

.771 

““.015 

— 0154 

•00023716 

28 

.286 

.305 

— .019 

— .005 

.000025 

.296 

“.010 

— 0104 

•00010816 

24 

.244 

.252 

— .008 

.006 

.000086 

.244 

0 

— ’0004 

•00000016 

26 

.694 

.605 

— .Oil 

.003 

.000009 

.587 

.007 

•0066 

00004356 

26 

.532 

.546 

-.014 

0 

U 

.630 

.002 

•0016 

• i 0000256 

27 

.644 

.650 

— .1-06 

.008 

.U00064 

.631 

.013 

’0126 

00015876 

28 

.487 

504 

-.017 

.003 

.000009 

.489 

.002 

—'0024 

•00000576 

29 

.616 

.622 

.006 

.008 

•0JO064 

.603 

.013 

•0126 

■00015876 

30 

.805 

814 

— 009 

.006 

•000025 

• 305 

0 

— •0004 

00000018 

31A 

.(04 

* 067 

— .003 

.011 

.000121 

• 065 

”“.001 

— 0014 

•00000196 

31B 

‘ .064 

067 

— .003 

.011 

.000121 

.065 

”“.001 

-•0014 

• 00000196 

82 

.599 

602 

— .003 

• Oil 

• IHXJ121 

.584 

.U16 

•0146 

•00021816 

83 

.160 

165 

— .005 

■009 

.000081 

.160 

0 

— 0004 

-00000010 

84 

.132 

.134 

— .002 

.012 

•000144 

.130 

002 

•0016 

•00000256 

86 

.269 

274 

— .005 

.009 

.000081 

, 266 

.003 

•0026 

•00000676 

86 

1.810 

1.830 

— .020 

- .006 

.000036 

.290 

.020 

0196 

•00038416 

87 

.089 

.087 

.002 

.016 

.000256 

.084 

.005 

• 0046 

•00002116 

88A 

.692 

.700 

— .008 

.006 

.000036 

.679 

.013 

.0126 

•00015876 

88B 

.694 

.708 

— .009 

.005 

.000025 

• 682 

.012 

0116 

•00013456 

89A 

.694 

.688 

.Oil 

.025 

.000625 

.668 

.031 

.0806 

•00093636 

89B 

.689 

.686 

.003 

.017 

.<00289 

.666 

.023 

.0226 ! 

•C0051076 

40 A 

.644 

.647 

“.008 

.011 

.000121 

.628 

.016 

.0156 

•<0024336 

40B 

.641 

,652 

-.on 

.008 

.000009 

.633 

.008 

.0076 

•00005776 

41A 

.549 

.554. 

— .005 

.009 

.000081 

.537 

.012 

.0116 

•00013456 

41B 

.548 

.548 

— .005 

.009 

.000081 

.532 

.Oil 

.0106 

■00011236 

42A 

.196 

.246 

— .050 

— .036 

.(01296 

• 239 

_048 

• 0484 

•00188356 

42B 

.196 

.241 

— .015 

— .031 

.000961 

•284 

_038 

—.0384 

.00147456 

48A 

.440 

.448 

- .008 

.006 

.000086 

•485 

.005 

.0046 

.00002116 

43B 

.428 

.454 

— .028 

— 012 

.000144 

• 440 

_012 

— .0124 

.00015876 

44A 

.386 

.858 

— .017 

— .003 

.000009 

• 342 

_006 

— .0064 

.00004096 

44B 

.858 

.358 

— .005 

.009 

.000081 

• 347 

.006 

.0056 

.00003186 

46A 

2.128 

2.184 

— .006 

.008 

.000064 

2.070 

.058 

.0576 

.00881776 

46B 

2.122 

2.189 

-.017 

— .008 

.000009 

2.076 

.047 

.0466 

.00217156 

40A 

.428 

.437 

— .009 

.005 

.000025 

.424 

.004 

.0036 

.00001296 

48B 

.428 

.426 

-.003 

.011 

.0,'0l2t 

.413 

.010 

.0090 

.00009216 

47A 

.286 

.246 

—-Cll 

.003 

.000009 

.239 

— 004 

— .0044 

.00001986 

47 B 

.224 

.285 

- .Oil 

.008 

.000009 

.228 

-.004 

— .0044 

.00001936 

48A 

.838 

.886 

— .003 

.011 

.000121 

.326 

.007 

.0066 

.00004350 

48B 

.883 

.836 

— .003 

.011 

.000121 

.826 

.007 

.0066 

.00004356 

49A 

.128 

.154 

— .028 

-.014 

.000196 

.149 

— .023 

—.0284 

.00054768 

49 B 

.167 

.148 

.009 

— .028 

.< 00529 

.144 

.013 

.0126 

.00015876 

60 

.700 

.706 

— .006 

.008 

.000064 

.685 

.016 

.0146 

.00021816 

61 

.666 

,700 

— .045 

—.081 

.000961 

.679 

— .024 

— .0244 

.00069580 

52 

.865 

.888 

—.028 

-.009 

.000081 

.862 

.008 

.0026 

.00000676 

68 

.784 

.792 

— .008 

.006 

*.000086 

.768 

.016 

.0156 

.00024836 

64 

1.128 

1.212 

—.089 

— .076 

.006626 

1.176 

— .058 

—.0534 

.00*285156 

66 

.078 

.084 

009 

.028 

.000529 

.062 

.011 

.0106 

.00011236 

66 

.081 

.095 

—.014 

0 

0 

.092 

—.011 

— .0114 

.00012996 

67 A 

! .691 

.599 

! — 008 

.006 

.000086 

.581 

.010 

.C096 

.C0009216 

67B 

.59* 

.602 

— .008 

.006 

.000086 

.584 

.010 

.0096 

.00009216 

USA 

.406 

.412 

.006 

.008 

.000064 

.400 

I .006 

.0056 

.00008186 

68B 

1 .420 

.428 

— .008 

1 .006 

.000086 

.415 

1 .005 

.0046 1 

.00002116 
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Table 1. 


COMPARATIVE VALUES BY STUDENT S METHOD OF PERCENT CaO AS DETERMINED 
BY DYER’S MODIFIED AND CHAPMAN’S METHODS-Continued. 


No. 

Dyer’s 

A 

0/0 CaO 

Chapmans 

B 

<#> CaO 

A - B 

D 

(A-B+.014) 

D* 

C 

(.9702B) 

A—C 

D’ 

( A—C— 
.0004—) 

(D’)» 

59A 

.409 

.412 

— .008 

.011 

.000121 

.400 

.009 

.0086 

. 00007396' 

59B 

.406 

.409 

— .003 

.011 

.000121 

.897 

.009 

.0086 

.< 0007896 

60A 

.185 

.193 

— .008 

.006 

.000036 

.187 

—.002 

—.0024 

.00000676 

60B 

.179 

.188 

— .009 

.005 

.000025 

.182 

- .003 

— .0034 

.00001166 

614 

.428 

.431 

— .003 

.011 

.000121 

.418 

010 

.0096 

.00009216 

61B 

.428 

.481 

— .003 

.011 

.000121 

.418 

. .010 

.0096 

.00009216 

62 A 

.140 

.140 

0 

0 

0 

.186 

.004 

.0036 

00001296 

62 B 

.140 

.137 

.003 

.017 

.000289 

.183 

.007 

.0066 

.00004366 

6SA 

2.078 

2.108 

— .030 

-.016 

.000256 

2.045 

.033 

.0326 

.00106276 

63 B 

2.078 

2.108 

— .080 

— .016 

.000266 

2 046 

.083 

0826 

.00106276 

64 A 

.081 

.104 

— .028 

—.009 

.000081 

.101 

— .020 

- .0204 

.00041616 

64 B 

.092 

.109 

—.017 

—.008 

.000009 

.106 

— .014 

- .0144 

.00020736 

65 

.107 

.118 

-.©11 

.003 

.000009 

.114 

— .007 

- .0074 

.00006476 

66 

.182 

.134 

— .002 

.012 

.000144 

.130 

.002 

0016 

.00000266 

67 

.196 

.202 

— 006 

.008 

.000064 

.196 

0 

— .0004 

( 1 OOOOOI 6 

68 

.362 

.370 

— .008 

.006 

.000086 

.869 

.003 

.0026 

. i 0000676 

69 

.070 

.070 

0 

0 

0 

.068 

.002 

.0016 

. 00000256 

70 

118 

.118 

0 

0 

0 

114 

.004 

0036 

.00001296 

Sum. 

40.762 

42.005 

-1.253 


.025581 

40.748 

.004 


. 00307738 

Mean 

.448 

.462 

—.014 


.00028 


.0004 | 

.00084 


.014 

Z = _ «= .82 

l/. 00028 
Odds over 9999:1 


.0004 

7' « _ = .022 

j/. 00034 
Odds below 2:1 


When both methods are statistically compared, Z=.82 and the 
odds from the table ( 9 ) are found to be over 9999:1. The odds in¬ 
dicate a real difference in the analytical results between the two 
methods; since according to the table odds over 21:1 indicate a sig¬ 
nificant difference in the results. 

The evidence suggests that Chapman’s method tends to give higher 
results with a mean deviation of .014 per cent ± .0017 per cent in 
91 determinations or values that may fluctuate between .0123 per cent 
and .0157 per cent. For' comparison purposes the results obtained by 
either method may be considered entirely satisfactory. That either 
is as good as the other is corroborated by the excellent checks ob¬ 
tained by each method in the duplicate of different extractions for 
samples 31, 38-49 inclusive, and 57-64 inclusive. The statistical in¬ 
terpretation, therefore, does not invalidate at all, Chapman’s method. 

Chances for personal analytical error are much less in the Chap¬ 
man method since the work is greatly facilitated by the elimination 
of the cumbersome procedure required for the precipitation of Al, Ti, 
and P 2 O 5 with NH 4 OH in the Dyer modified method. The former 
method saves about 66 per cent of the time required by the latter. 

Were it necessary to convert results obtained by Chapman’s 
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method to those in terms of the Dyer modified method, it would be 
proper to multiply by the factor .9702. The value Z 1 , after the ap¬ 
plication of such a factor to each result obtained by Chapman’s metlu 
od becomes . 022 , and the odds from the table are found to be below 
2:1. The odds indicate that there is no significant difference be¬ 
tween the analytical results of both methods. Results indicate that 
the increase by Chapman’s method tends to be constant. The mean 
deviation becomes now, .0004 per cent =b .0017 per cent or a fluctua¬ 
tion between —.0013 per cent and .0021 per cent which is extremely 
low. 

Colorimetric Methods for Phosphoric Acid 

Studies were made of the molybdate blue method with the modifi¬ 
cations of Briggs and Doisy applied by Arrhenius (1) to citric acid 
extracts. The method is as follows: 

“Ten cc of the citric acid extract are placed in a 100 cc volumet¬ 
ric flask and diluted to about 80 cc; 1 cc con. H 2 S0 4 , 5 cc ammonium 
molybdate (25 gms. ammonium molybdate dissolved in 300 cc. water) 
and then 200 cc dilute sulphuric acid (75 cc cone. H 2 S0 4 filled up 
to 200 cc with water), 1 cc sodium sulphite (20 g. Na 2 S0 3 + 80 cc 
water), and 1 cc hydroquinone (0.5 g. per 100 cc and one drop cone, 
sulphuric acid), are added. The flask is filled to the mark and the 
solution shaken. The color is, after 12 to 24 hours, compared with 
a standard series of solutions with known P 2 0 5 content varying be¬ 
tween .05 and .90 mgm. P 2 O r , per 100 cc.” The so-called Arrhenius 
molybdate blue method for P 2 0 5 determinations in citric acid extract 
is based on the one recommended by Bell-Doisy-Briggs (2) for P 2 O 5 
determinations in urine and blood, with the exception that the addi¬ 
tion of trichloracetic acid for the precipitation of protein material is 
eliminated. 

Although Arrhenius claims that results obtained are accurate be¬ 
low 0.50 mgm. P 2 0 5 (.05 per cent P 2 0 5 in the 10 cc citric acid aliquot 
used by us), our results were entirely inconsistent. The citrate ion 
colored by the presence of iron salts causes difficulty in matching the 
colors of the unknown and the standard in the colorimeter. 

Studies were made of the method that Warren and Pugh (11) 
worked out at the Rothamsted Experimental Station based on the col¬ 
orimetric determination of phosphoric acid in citric acid extractions 
of soils as follows: 

4 4 Seventy-five cc of the citric acid extract are pipetted into a 300 
cc Kjeldahl flask, 10 cc cone. HC1 added and followed by 12 cc of 
20 per cent sodium permanganate. The sides of the flask are washed 
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down with a little water. After standing half an hour the contents 
are vigorously digested till no manganese precipitate remains (about 
■>/ 2 hr. more). The contents are transferred with a minimum amount 
of water to a 100 cc graduated flask; 4 cc of 10 per cent potassium 
ferrocyanide are added slowly, drop by drop, with frequent shaking. 
Several minutes later the mixture is titrated with 1:1 ammonia un¬ 
til the blue color just turns purple; 1.5cc 2 N sulphuric acid are 
then added and made to the mark with water. After the solution 
has been filtered and the first few cc discarded, the color is developed 
in an aliquot by one of the following methods: 

Fiske—Subbarrow (6) “10 to 50 cc are pipetted into a 100 cc graduated 
flask, diluted to 75 cc approximately, 10 cc of ammonium molybdate added, then 
4 cc aminonaphthol sulphonic acid solution and the liquid made to the mark. 
The flask should be shaken during each addition. The contents are finally poured 
into a 100 cc conical flask; 15 minutes later the test compared with a standard 
phosphate solution”. 

Deniges ( 5 ) —“1 to 25 cc are pipetted into a 100 cc graduated flask, diluted 
to 90 cc, and 1 cc ammonium molybdate and three drops of stannous chloride 
solution added, the flask being shaken with each addition. After diluting to the 
mark the contents are poured into a 100 cc conical flask, and compared after 5 
minutes with a Standard phosphate solution”. 

Our results with the Warren and Pugh method were extremely 
low compared with those obtained by the usual Dyer method. This 
may be due to the adsorption of phosphates, by the manganese ferro¬ 
cyanide precipitate. Ward ( 10 ) states that “the ferrocyanide preci¬ 
pitate is difficult to filter, because of its colloidal condition and that 
the amount of phosphorous present in the sodium permanganate is of 
the same order of magnitude as that in the sample, and inaccurate 
results are certain to follow in the case of soils low in P 2 O 5 ”. 

Lonstein ( 8 ) applied the method of Deniges, so widely used for 
water extracts, to citric acid extracts of a number of South African 
soils and obtained good agreement with the gravimetric method. His 
method briefly consists in evaporating a small volume of the citric 
acid extract to dryness after the addition of calcium acetate solution. 
The residue is ignited to destroy the organic matter and to render 
the silica insoluble, and then extracted with 10 per cent sulphuric 
acid. After filtration the excess of the acid is neutralized with am¬ 
monia and the color developed with ammonium molybdate and stan¬ 
nous chloride solutions. 

Although we were favorably impressed by the Lonstein method 
we disregarded it. because the figures obtained with it by Warren 
and Pugh (11) “reveal the presence of some disturbing factor in the 
analyses of the heavier soils used, especially when the Deniges method 
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of color production was used. The blue color developed slowly and 
had a green tint. The view was sustained that the sulphuric acid 
extracts from the clay soils contained appreciable amounts of ferric 
iron as the interfering constituents”. 

One of the latest contributions to the subject on the colorimetric 
determination of phosphorus in citric acid extracts of soils is the 
work of Ward (10), chemist of the Experiment Station of the Haw¬ 
aiian Sugar Planters’ Association. Ward’s procedure for the prep¬ 
aration of the citric acid extract is as follows: “ To 100 ml. of citric 
acid extract, add 50 ml. of concentrated nitric acid, 15 ml. of con¬ 
centrated hydrochloric acid, and 10 ml. of 20 per cent sulfuric acid 
free from phosphorus and arsenic. Evaporate slowly till fumes of 
S0 8 are evolved. Take up in hot water and boil”. The iron is re¬ 
moved by electrodialysis into a special electrolytic cell. The color is 
developed by the method of Zinzadze as follows: “Aliquots from the 
solutions of citric acid extract prepared for analysis are neutralized 
to the yellow end point of alpha—dinitrophenol indicator with 10 per 
cent ammonia solution. Dilute the solutions to 90 ml., add 1.4 ml. 
of molybdenum blue reagent (molybdic acid reduced by molybdenum 
metal in sulphuric acid solution), heat for 30 minutes on the steam 
bath, cool, and make up to exactly 100 ml. Employ a sensitive col¬ 
orimeter for comparison with the standard solution”. 

The work of different investigators reveal that the accurate colori¬ 
metric determinations of phosphoric acid in soils extracted with 1 per 
cent citric acid, demands attention on the destruction of the citrate 
ion, and of the soluble silicates and organic matter; the absence of 
large amounts of silica; the absence of phosphorous in the chemical 
reagents used; the elimination of the ferric ion; and a controlled 
acidity. Ward (10) calls the attention to the presence of titanium 
and to the use of colorimetric standards which are very close to the 
unknown in color intensity so as to reduce errors due to deviations 
from Beer’s (12) law. 

Treatments of the Citric Acid Extracts for the Phosphoric 
Acid Determinations 

In view of the several difficulties that we encountered in obtain¬ 
ing accurate results with the application of colorimetric methods for 
the determinations of phosphoric acid in soils extracted with 1 per 
cent citric acid we proceeded to Study the simplification of the chem¬ 
ical treatments given to such extracts in the Dyer modified method 
and then followed the official molybdate volumetric method for phos¬ 
phoric acid. 
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Our first attempt was to precipitate directly phosphoric acid as 
ammonium phosphomolybdate in aliquots of the citric acid extracts. 
In some cases, good checks were obtained with the results by the Dyer 
modified method. In other cases, no precipitate was obtained; and 
in other cases, lower results were obtained. This may be explained 
on the basis that citric acid, extracts from certain soils, phosphates in 
organic combinations that are not precipitated by ammonium molyb¬ 
date, and that the presence of the undecomposed soluble silicates may 
hold by absorption the phosphate ions in solution. 

Our second attempt was to destroy the organic and silicate com¬ 
pounds by evaporation almost to dryness, with aqua regia. The re¬ 
sidue was taken with a few cc of aqua regia, diluted with water, and 
filtered. Phosphoric acid was determined in the filtrate by the offi¬ 
cial molybdate volumetric method. Although our results checked 
much better with those obtained by the Dyer modified method we 
were unable to obtain the ammonium phosphomolybdate precipitate 
in several of the treated extracts. It seems that the aqua regia treat¬ 
ment was not drastic enough, in some cases, to decompose some of the 
silicates that would tend to establish a competition for the adsorption 
of the phosphate ions in solution. 

Our next procedure was then to evaporate the citric acid extracts 
to dryness with aqua regia and ignite the residue at low temperature 
to destroy the undecomposed organic matter and complete the dehy¬ 
dration and destruction of silicates. This treatment served as a basis 
for our recommended procedure (see pp. 288-289). Analytical 
results are expressed in Table II. 

Analytical Results of Percent P 2 0 5 by our Short Procedure 

All analyses by both methods were performed in the same extrac¬ 
tion. The letters A and B following a sample number represent du¬ 
plicate extractions. All the analyses by Dyer’s modified method and 
by our short procedure in samples 18, 20 and 23-27 inclusive, were 
made by the same chemist, F. A; Villamil. All other analyses by 
our shfert procedure were made by the senior author. The values in 
columns A and B represent percent P 2 O 5 obtained respectively by 
the Dyer modified method and by our short procedure. The values 
of column A-B are obtained by subtracting the values of column B 
from those of A. The values D represent the mean deviations. The 
number of determinations n = 45. The value Z represents the ratio 
of the mean of columns (A-B) to the square root of the mean of the 
values D 2 . The statistical interpretation of the results were obtained 
with values Z and n in the Student’s table modified by Love ( 9 ). 
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Table II. 


COMPARATIVE VALUES BY STUDENTS METHOD OF PERCENT P t O» AS DETERMINED 
BY THE DYER MODIFIED METHOD AND OUR SHORT PROCEDURE 


No. 

Dyer’s 

A 

% P 2 Oj 

Short 

Procedure 

B 

% Pt0 6 

A—B 

D 

(A-B—.0003) 

D* 

1A. 

.014 

.016 

— .002 

— .0023 

0: 000629 

IB. 

.014 

.015 

— .001 

.0013 

.00000169 

2A. 

.010 

.009 

.001 

.0007 

.00000049 

2B. 

.010 

.009 

.001 

.0007 

.00000049 

'8A. . 

.003 

.003 

0 

— .0003 

.00000009 

8B. 

.003 

,0u3 

0 

—.(003 

.00000<»09 

4A. 

.007 

.007 

0 

— .0003 

.00000009 

4B. 

007 

.007 

0 

— .0008 

.00000009 

6A. 

.013 

.011 

.002 

.0017 

.00000289 

6B . . 

.013 

.010 

.003 

.0027 

.00000729 

6A. 

.005 

.005 

0 

— .0003 

.00000009 

6B. 

.004 

. 006 

— .002 

— .0023 

.00000529 

7 A. 

.002 

.004 

— .002 

— .0028 

.00000529 

7B. 

.002 

.005 

— .003 

—.0033 

.00001089 

8A. 

.017 

.017 

0 

— .0003 

.00000,09 

8B. 

.016 

.017 

— .002 

— .0023 

.(.0000629 

9 A. 

.006 

.008 

— .002 

— .0023 

.00000529 

9B. 

.007 

.006 

.001 

.0007 

.00000049 

10 . . 

.018 

.017 

.001 

.0007 

.00000049 

11A. 

.036 

.039 

— .003 

— .0033 

.00001089 

11B. 

.036 

.039 

— .003 

—.(.033 

.00001089 

12A.. 

.146 

.148 

— .002 

— .0023 

.00000629 

12 B . 

.145 

.155 

— .010 

— .0103 

.00010609 

13 A , .... . . .... ... 

.028 

.015 

.008 

.0077 

.00005929 

18B . 

.023 

.014 

.(X)9 

.(X87 

.OOOU7569 

14A . 

.013 1 

.013 1 

0 

—.0003 

.00000009 

14 B . 

.013 

.013 

0 

—. O' >03 

.0.(000009 

1ft A . 

.019 

.016 

.008 

.0027 

.00000729 

1ft B . 

.019 

.016 

.003 

.0027 

.00000729 

16A 

.023 

.025 

— .002 

— .0023 

.0000.529 

lfiB . 

.023 

.025 

— .002 

—. < K)23 

. 0)000529 

17 

.003 

.002 

.001 

.0007 

.00000049 

18 , , 

023 

.020 

.003 

. 0027 

.000)0729 

19A 

.052 

.054 

—.002 

—.0023 

.0X100529 

19 R .... 

.061 

.053 

— .(02 

—.0023 

.OK >00529 

•20 

."83 

.038 

—.005 

— .0058 

.00)02809 

21 A 

.0 9 

.013 

.' 06 

.0057 

.00003249 

21 B 

.018 

.013 

.005 

.0047 

.00)02209 

22 A 

.005 

.004 

.001 

.0007 

.00000049 

2‘>R 

.006 

.004 

.002 

.0017 

.00000289 

23 

.004 

Ool 

. 003 

.0027 

.00000129 

94 

.008 

.005 

.' 03 

.0027 

.00000729 

of; 

.<X)7 

.005 

.002 

.0017 

.00000^89 

2fl 

.002 

.001 

.001 

.0007 

.00000049 

27. 

.004 

“.002 

.002 

.0017 

. 00(XX)289 

Sum. 

.924 

.908 

.016 


.00047045 

Mean.. 

.0205 

.0202 

.0003 


.0000105 


.0003 

Z _ — .09 

j/. 0000105 
Odds: Below 8:1 

When both methods are statistically compared, Z = .09 and the 
odds from the table ( 9 ) are found to be below 3:1. The odds in¬ 
dicate that there is no significant difference between the analytical 
results obtained by both methods; 

That either method is as good as the other is corroborated by the 
excellent checks of the duplicates in different extractions. 

Chances for personal analytical error are much less in the short 
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procedure since the work is greatly facilitated by the elimination of 
the cumbersome procedure required for precipitation of Pe, Al, Ti 
and P2O5 with NH4OH in the Dyer modified method. The former 
method saves about 30 per cent of the time required by the latter. 

Potash 

Several modifications for the Dyer modified method were tried. 
Our results were unsatisfactory. We recommend the Dyer modified 
method with the following modification: Precipitate the lime together 
with the iro nand phosphoric acid. (See pp. 289-290). 

Through the courtesy of Dr. W. W. G. Moir, agricultural technol¬ 
ogist of the American Factors, Limited, Hawaii, and L. E. Davis, as¬ 
sociate chemist of the Experiment Station of the Hawaiian Sugar 
Planters’ Association, we obtained a reprint of Gow’s (7) work on a 
rapid colorimetric method for the determination of potash. 6 4 This 
method consists essentially of precipitating potassium chloroplatinate 
by means of its insolubility in alcohol, dissolving the precipitate in 
water and developing a color by the addition of stannous chloride. 
The intensity of the yellow color thus produced is directly propor¬ 
tional to the amount of platinum present in the precipitate and hence 
to the amount of potash present.” 

summary 

Research was undertaken with the purpose of shortening time 
without affecting accuracy of the Dyer modified method for the de¬ 
termination in soils, of phosphoric acid, lime and potash soluble in 1 
per cent citric acid solution. 

A short method is recommended for the lime determination based 
on the Chapman’s method ( 4 ) for the precipitation of calcium oxal¬ 
ate in acid solutions (pH 3.9-4.2) in the presence of iron, aluminum, 
titanium, manganese, magnesium and phosphates. A short method is 
recommended for the phosphoric acid determination. Results are 
analyzed statistically by Student’s method. Several of the colorimet¬ 
ric methods recommended for the phosphoric acid determination are 
also discussed. 
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A VARIETY OP TOBACCO RESISTANT TO ORDINARY 
TOBACCO MOSAIC 


By J. A. B. Nolla, John Simon Guggenheim Memorial Foundation Fellow, 
1932-33, University of Wisconsin; and Arturo Roque, Assistant 
Phytopathogist, Insular Experiment Station, Puerto Rico. 

The ordinary mosaic of tobacco affects a wide range of solanace- 
ous hosts including most members of the genus Nicotiana. It is par¬ 
ticularly severe on all varieties of Nicotiana tabacum L. heretofore 
studied in relation to the disease. In spite of the common occurrence 
of this virus disease on N. tabacum and the unusual opportunity af¬ 
forded for the recognition of varietal or strain resistance to the dis¬ 
ease, no such development has apparently been reported. Further¬ 
more, the economic aspects of control of this malady are of such a 
nature that plant pathologists must have been on the lookout for cases 
of resistance to the disease for many years. 

In the summer of 1929 the senior author visited the Cauca Valley 
of Columbia, South America. In these trips he observed several varie¬ 
ties of commercial tobacco, and his interest was curiously drai n to 
two varieties, seed of which was introduced into Puerto Rico. This 
seed obtained from Senor Carlos Rivera G., of Palmira, Department 
of Valle del Cauca, was presumably from the same stock of which 
plants were seen grown at the Santa Ana Farm of the Compahia Co- 
lombiana de Tabaco. The exact location is near the southeastern lim¬ 
its of the Department of Valle del Cauca. 

The two varieties were grown in Puerto Rico, near Caguas, in 
1929-1930 and it was during that year that the senior author ob¬ 
served the almost complete freedom from mosaic in one of the varie¬ 
ties, namely, the Ambalema. In a population of some six hundred 
plants, four individuals showed the disease as evidenced by a slower 
growth and by the characteristic symptoms on leaves. Unfortunately, 
no further studies were made with the susceptible plants. Selection 
of resistant plants was made from that progeny and crosses between 
these and a susceptible variety begun that year. 

The senior author left Puerto Rico in the summer of 1930 and his 
studies were delayed for one year while doing graduate studies at 
Cornell University. He resumed this investigation in the fall of 1931. 

In the meantime, the junior author, working at the Insular Ex¬ 
periment Station of Puerto Rico, discovered, independently, the re¬ 
sistance of this variety of tobacco to mosaic. 
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Both authors are now engaged in a study of the inheritance of 
resistance to mosaic. Our observations show that most plants of this 
variety inoculated with the virus of the ordinary tobacco mosaic do 
not exhibit any very marked symptoms. However, a clearing of the 
veins may be noticed in some individuals, while a smaller percentage 
exhibit chlorotic areas of a mild type, in the intervenal regions of 
the blade of the leaf. 

Since the genetic nature of the resistance of this variety of to¬ 
bacco was not well understood, an earlier note had seemed unwar¬ 
ranted. An explanation for the cases of susceptible individuals would 
have been desirable before publishing any note on resistance of the 
variety to mosaic. The senior author, in his annual report to the 
Chief Pathologist [See Cook (2)] in 1930, said concerning this va¬ 
riety : 

. . . . “of the Colombian varieties one proved to be very promis¬ 
ing”, Page 97. Quite intentionally no mention is made of any spe¬ 
cific quality. 

Knowledge that the planting of this variety of tobacco is being 
extended in some places of the Island has prompted the writers to 
release this preliminary note. We wish to make it clear at this time 
that we are not responsible for the distribution among farmers of a 
variety of tobacco which has not yet been submitted to adequate se¬ 
lection and testing. 

The senior author wishes to call attention to the fact that at the 
time the tobacco was collected in Colombia, no observations of re¬ 
sistance to mosaic were made. Our notes on prevalence of niosaic on 
the various farms rather showed that the variety was apparently sus¬ 
ceptible. That we failed to detect freedom from symptoms of mo¬ 
saic at that time may be explained in two ways. Either the mosaic 
of tobacco of that part of the continent is more virulent than the 
mosaic of Puerto Rico and the United States; or, as is most probable, 
the plants represented a very heterozygous population in which the 
susceptible individuals predominated. It is of interest, that in a 
small planting in Toro, Colombia, inspected on June 11th, no mosaic 
was observed even in plants a year old. No particular significance 
was attached to this observation at that time, and it was believed that 
such freedom from mosaic was the result of good cleaning, of seed 
and careful handling of beds and seedlings. 

The first illustrative record of this variety of tobacco, as far as 
the authors know, appeared in 1930 in a Puerto Rican publication 
(8). That picture was taken by the senior author near Toro, on Juno 
Uth, 1929. This town is located in the northern part of the Depart* 
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meat of Valle del Cauca. In this locality, however, the name given 
to the variety is “P6jaro Negro” (black bird). A plant of the first 
Puerto Bican grown tobacco of this variety is illustrated opposite page 
97, Annual Report of the Insular Experiment Station of Puerto Rico, 
1999-30. Bunker (1) publishes a figure of a “Variedad Colombians 
Seleccionada y Aclimatada por el Especialista ...” (Colombian va¬ 
riety selected and acclimated by the Specialist) ...” Bunker ob¬ 
tained seed from our experimental plots of 1929-30 and, therefore, 
his plant must have been photographed the following season. 

Doctor Carlos Dur&n Castro, formerly Director of the Agricul¬ 
tural Station at Palmira and now Chief of the Department of Agri¬ 
culture in the Ministerio Nacional de Industrias at Bogotd, accom¬ 
panied the senior author in most of his trips, being a source of con¬ 
stant encouragement. His courteousness on the one hand, and his 
devotion to our work, on the other, more than compensated for our 
efforts. He should have a considerable share of whatever credit may 
be reaped from the discovery of this important tobacco variety. The 
Hon. Carlos E. Chard6n, formerly Commissioner of Agriculture of 
Puerto Rico and now Chancellor of the University of the Island, head 
of the Agricultural Mission to Colombia in the summer of 1929, also 
deserves our recognition for his valuable cooperation. 
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THE PINEAPPLE DISEASE OF SUGAR CANE IN 
PUERTO RICO 

By Melville T. Cook, Plant Pathologist, 

Insular Experiment Station, Rio Piedras, P. R. 

This disease is caused by Thielawiopsis paradoxa (De Seynes) von 
Hohn and is widely distributed throughout the cane-growing parts 
of the world. This fungus was found first on pineapple in 1886 by 
De Seynes, who described it under the name of Sporochisma para - 
doxum. In 1892 Saccardo referred it to Chalara paradoxa (De Sey¬ 
nes) Sacc. In 1893 Went reported Thielaviopsis ethaceticus as the 
cause of a serious disease of sugar cane in Java. In 1904 von Hohnel 
reported that the organisms described by De Seynes and by Went 
were the same and made the combination Thielaviopsis paradoxa which 
has been very generally accepted from that time to the present. Dade 
(1928) (4) reported the finding of a Ceratostomella which he believed 
to be the perfect stage of the fungus which would become Ceratos¬ 
tomella paradoxa. 

The fungus has been reported as attacking a large number of 
species of plants—sugar cane, pineapple, plantain, mango, coconut, 
date palm and many others. It has been reported from nearly all 
the countries in which sugar cane is grown. The geographical dis¬ 
tribution according to the International Survey of the Disease of 
Sugar Cane (3) with a few additions, is as follows: Argentina, Aus¬ 
tralia, British Guiana, Ceylon, Colombia, Cuba, Dutch East Indies, 
Fiji, Formosa, Gold Coast, Hawaii, India, Jamaica, Java, Lesser An¬ 
tilles, Madeira, Mauritius, Malaya, Mexico, Philippines, Portuguese 
East Africa, Puerto Rico, Reunion, Santo Domingo and Southern 
United States. It is reasonable to suppose that it occurs in all the 
other sugar-cane-growing countries. In Puerto Rico this fungus at¬ 
tacks the pineapples and is sometimes the cause of heavy losses in 
fruits and in young slips which have been planted for a short time. 
It attacks the coconuts and is sometimes the cause of the falling of 
a large number of young fruits and sometimes attacks the buds, caus¬ 
ing a deformity of the young leaves and a slow dying of the trees. 
It attacks sugar cane, causes a rotting of seed cuttings and poor ger¬ 
minations, which will be described in this paper. 

Went (1893) in the first record of this fungus attacking sugar 
cane stated that it was the cause of a serious disease. Some of the 


806 



308 THE JOURNAL OF THE DEPARTMENT OF AGRICULTURE OF P. R. 

pecially during the winter months. These outbreaks are expensive in 
proportion as they make replanting necessary. The first and most 
important treatment is a well-drained soil. In case of heavily in¬ 
fected soil it may be desirable to plant some other crop for a season 
or to use the Bordeaux treatment. This must be decided by the 
grower on basis of farm management and economics. In case the 
Bordeaux treatment is used, the cane should be treated very soon af¬ 
ter cutting. If the seed cuttings become infected before treatment, 
the treatment is useless. When the grower has a few cuttings of a 
new variety, it is advisable to protect them by dipping the cut ends 
in tar or melted paraffin. 

The Three-bud Seed Piece 

The Puerto Rican practice is to use three-bud seed cuttings. This 
practice is no doubt the result of long years of experience and the 
writer believes that the T. paradoxa has been the deciding factor in 
favor of this method. Experimental work by the writer and others 
has demonstrated that there is a higher germination with three-bud 
cuttings than with cuttings of two buds or one bud. This is prob¬ 
ably due to the length of the seed pieces rather than to the number 
of buds. In a long seed cutting the fungus has to travel a much 
longer distance than in short seed pieces and the buds have a better 
chance to germinate and become established befpre the fungus reaches 
them. The writer has found that when short seed cuttings for expe¬ 
rimental studies are planted in unsterilized soil, it is advisable to dip 
the cut ends in melted paraffin or tar. 

Other Causes of Poor Germination 

Marasmius sacchari is one of the minor causes of poor germina¬ 
tion in Puerto Rico. In one planting of one variety, this fungus 
killed 20 per cent of the buds. 

Other causes of poor germination that have been reported from 
other countries are Colletotrichum falcatum and Melcmcomum sao 
chart In Louisiana, Ceratostomella adiposum in India and Lasiodiplo - 
dia theobromae in the Philippine Islands. 
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WHITE SPOT OF PINEAPPLES 


By Melville T, Cook, Plant Pathologist , 

Insular Experiment Station, Rio Piedras, P. R. 

This disease was reported from Puerto Rico by G. L. Fawcett of 
the Porto Rico Agricultural Experiment Station (Mayagiiez) in 1908, 
who described it as follows: 

“The pineapple has one conspicuous disease characterized by the appearance 
of white spots on the leaves. This is caused in many cases at least by the 
entrance of organisms through wounds such as the punctures made by sucking 
insects. At first the spots are small and brown. Gradually they enlarge, the 
epidermis sinks, the interior tissue is destroyed, and the white bleached appearance 
is taken on. It is in no sense a serious disease although common under exces¬ 
sively moist conditions. ’ 7 

Nowell (1922) says: 

• “A leaf-spot which is fairly common in the West Indies has been investi¬ 
gated by L. D. Larsen in Hawaii. It occurs on well-grown plants and its effect 
on their development is not usually appreciable. It has been shown to be due 
to the infection of insect and spine punctures, or other injuries, by the fungus 
Thielaviopsis. Infection and development depend on the prevalence of moist 
and cloudy weather or on the shading of the plants. ,, 

Larsen of Hawaii published a bulletin on diseases of pineapples 
in 1910 in which he described what appears to be the same disease as 
follows: 

“The spots vary considerably, as regards size, shape and color. Many are 
large and white, and are noticeable from along distance, while others are small 
and inconspicuous. In typical mature spots there is a straw colored central 
area surrounded by a dark margin. Very often there is a dark center within 
the straw colored area, or dark blotches, due to the formation of the black 
macrospores within the tissue, may be scattered over it in an irregular manner. 
Sometimes long white arms extend beyond the dark border, and, again, the entire 
spot may be white or straw colored throughout. The internal tissue is soft and 
decayed at first, but this soon dries out, leaving the injured area dry and 
shrunken. The white or straw-colored area is not due simply to drying of the 
affected tissue, as is often the case with similar diseases, but comes on while 
the tissue is still quite firm, and long before it has begun to dry out. In early 
stages the spots may be olive brown in color and fairly regular in outline, or 
they may be white and irregular from jhe start. The size of the spots increases 
very rapidly, so that in two or three days what was a small brown spot will 
have become from two to six inches in length. Even twelve inches is not an 
unusual length. ’ * 
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Larsen believed these spots to be due to Thielaviopsis pwradoxa 
which gained entrance to the plant through slight wounds. He said s 

“The fungus, Thielaviopsis, which as we have seen causes Soft Rot of the 
pineaple fruit and Base Rot of the cuttings, is also responsible for a conspicuous 
disease of the leaves of this plant. It attacks the leaves through surface wounds 
made by insects and by the spines and sharp edges of neighboring leaves, and 
produces large discolorations or spots which often spread across the entire leaf 
and thereby kill all that part of the leaf which is above the spot. The spots 
may be found in almost any of our pineapple fields during the winter months, 
and at times become exceedingly numerous. They are most prevalent in the 
finest fields where the plants are green and vigorous, while in poor fields and 
on yellow plants they are more rare.” 

He conducted experimental work on which this conclusion was 
based and which demonstrated that the fungus could not gain en¬ 
trance to the plant except through wounds. He also made very in¬ 
teresting studies on the influence of weather which he described as 
follows: 

1 ‘ In the infection experiments conducted it was found that when inoculations 
were made in the presence of bright sunlight, or if the leaves were exposed to 
sunny and dry weather conditions on the following day, but very few of the 
inoculations would take. It was therefore necessary when inoculating leaves 
under such conditions to cover the wounds with grafting wax or paraffin. When 
the plants were shaded or when cloudy weather existed after inoculation, infec¬ 
tion took place very readily without such protection. Direct sunlight prevents 
infection ; first by drying out the wounds, and secondly, by killing the spores 
of the fungus. In the experiment mentioned on page 15 it was found that the 
most resistant form of Thielaviopsis spores are killed in a few hours when 
exposed to direct sunlight. With this in view it is evident why the ripots are 
scarcely known during the dry summer season and yet become very numerous 
in the winter months. 

“The size of the spots is also governed largely by weather conditions. 
Sunlight and dry weather, after infection has taken place, tend to limit the 
size while moist and cloudy weather has the opposite effect. In our infection 
experiments when the plants 'were well shaded the entire leaf would often 
become involved. 

“It was furthermore noted that the typical white condition would make 
its appearance only on leaves that were exposed, to sunlight. When inoculated 
plants *were kept in the shade the spots would invariably be brown in color 
and very regular in outline, whereas when exposed to sunlight the white and 
irregular patches would appear. They appeared, however, in a sporadic manner, 
occurring on one leaf here and another there, while other leaves inoculated at 
the same time and equally exposed would show none of it. It was at first 
thought that this white appearance was a distinct trouble due to some cause 
other than Thielaviopsis, but judging from the results of our infection expert* 
ments such does not appear to be the case . 1 * 

A very pronounced outbreak of this disease in the vicinity of Co- 
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Tozal was called to the attention of the writer in August of 1932. 
These plantings were at an elevation of about 350 or 375 feet and 
on the boundary line between limestone soils of the coastal plain and 
the volcanic acid soils. 

There had been heavy rainfall and the disease appeared in such 
abundance that the grower became very much alarmed. The fungus 
(Thielaviopsis paradoxa ), which is well known as a parasite on a 
number of species of plants in Puerto Rico, had been reported pre¬ 
viously to the writer as the cause of a very serious fruit rot in this 
locality. The symptoms, the weather conditions and the presence of 
the fungus, conformed with Larsen’s Hawaiian report of 1910. 

A large amount of the diseased leaves were collected and taken 
to the laboratory for study. A study of free-hand sections did not 
show a fungus. A large number of cultures were made but the fun¬ 
gus did not develop in any of them. Thielaviopsis paradoxa grows 
readily in culture and the writer has isolated it many times from de¬ 
caying pineapple fruits, slips, sugar cane, coconuts and other plants, 
using the same medium as was used at this time. Material was then 
prepared for paraffing sectioning and staining but the results were 
again negative. It was impossible to conduct inoculation work at 
the Experiment Station, owing to lack of plants. 

When the rainfall was reduced and bright sunshine prevailed for 
a few days, no new spots were formed. This was followed by another 
period of rainy weather and another outbreak of the disease. There¬ 
fore, it appears from these studies that these spots may be the results 
of weather conditions without the influence of any other agency. 
Field studies by the writer did not indicate that a puncture by a 
spine, insect or any other agency was necessary for the formation of 
these spots. 




PATHO-ANATOMY OP ROOTS ATTACKED BY NEMATODES 


By Melville T. Cook, Plant Pathologist, 

Insular Experiment Station, Rio Piedras, P. R. 

Very little study has been made in America of the anatomy of 
plants attacked by nematodes since the publication of Atkinson’s 
‘ 4 Nematode Root-Galls” (1) in 1889. During the past few years the 
writer has devoted some attention to this subject and the data on the 
dicotyledonous plants will be presented in this paper. The plants 
used in these studies were tomato, tobacco and ornamental Coleus. 
The results were the same in all cases and it would have been im¬ 
possible to distinguish them except for the labels. The galls were 
caused by Heterodera marioni (Cornu) Goodey (— Eeterodera radi- 
cicola Greeff). 

The nematodes attack the very young roots. The writer is of the 
opinion that they rarely, if ever, attack roots more than one millime¬ 
ter in diameter. Young roots contain a large amount of tissue that 
is capable of division when stimulated. This includes the cambium, 
cortex and medullary rays. The parasites penetrate into the cortex 
and the rays where they stimulate an excessive growth. The writer 
is of the opinion that they rarely if ever penetrate into the fibrous 
or tracheary tissue. 

All cells that retain the power of division are stimulated by the 
parasites. This stimulation results in the formation of a large num¬ 
ber of very small cells in close contact with the parasite while those 
a distance are much larger (Figs. 3 & 5b). When the nematode at¬ 
tains full size the stimulation appears to cease and the cells become 
larger (Fig. 4b). The parasite does not appear to stimulate cell divi¬ 
sion or growth in the fibrous or tracheary tissues, but does push them 
out of the normal position. The parasite also causes the formation 
of tracheary tissues from and in the parenchyma tissue (Fig. lb.) 

Nematodes in the axis cylinder (Fig. 2) penetrated through the 
parenchyma cells and not through the fibrous or tracheary cells. 

The writer is inclined to believe that galls may be reinfected many 
times and that reinfection accounts for the larger galls. The tissues 
of a gall are highly meristematic as a result of stimulation by pre¬ 
vious infections and are very favorable for reinfections. The tissues 
of the large galls are in such a state of confusion resulting from the 
large number of parasites and the reinfections that a histological 
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study is of little or no value. Any satisfactory study of the develop¬ 
ment of these galls should begin with the very young galls. 

Atkinson's studies evidently were made on the galls that were ad¬ 
vanced to a point where it was impossible to determine the incipient 
characters, but his description and discussion are very interesting. 
He said: 

“The worms locate preparatory to passing into the cystic state at various 
depths in the tissues of the root. They are not confined to any particular tissue 
element or system but locate in the vascular tissue of the central cylinder, the 
cambium, parenchyma or even in the bark so that the body of the mature 
female cyst is frequently only protected by a thin layer of the dead peripheral 
tissue, or sometimes is even exposed. They seem to flourish better, however in 
or near the softer tissues of the root. It is a very common thing to find dead 
undeveloped female cysts, the majority of which I have always found in the 
woody tissue of the central cylinder. Possibly surrounded as they are by the 
harder, more compact tissue there is less certainty of the male reaching them 
for fertilization. This, however, is only a suggestion. I have not demonstrated 
it. All of the tissue elements in the diseased roots undergo hypertrophy, while 
some of them are subject to special changes in form as well as direction of 
growth. 

* ( The parenchyma cells which normally have their tangential diameter greater 
than the radial are so changed that the radial diameter is the greater. This change 
in form of the parenchyma cells seems to obtain in nearly all of the parenchyma 
in the gall whether very near a cyst or distant from it. The increase in number 
of the wood and vascular cells of the central cylinder takes place though the 
cyst may not be located in or very near it. In such cases the fibres and ducts 
have their normal longitudinal direction. But if a cyst is located in or very 
near the central cylinder the ducts are turned in their direction of growth 
perpendicular to the axis of the root, bent around the cyst and then converge 
on the peripheral side, when, left, without any controlling influence over their 
direction of growth they often perform very curious evolutions through the 
parenchymatous tissue in all directions. ’ 1 

My results are not altogether in harmony with those given by At¬ 
kinson. Some of the nematodes stop in the cortex of the roots while 
others penetrate to the center of the axis cylinder which makes it nec¬ 
essary to consider the action of the nematodes on these two sets of 
tissues. 

The writer agrees with Atkinson in the statement that the nema¬ 
todes are found in all the tissues of the galls but as a result of stud¬ 
ies on very young galls, the writer is of the opinion that the galls 
originate in the very young roots and at a period when most of the 
cells have retained the power of division. The writer is very doubt¬ 
ful if the parasites! ever penetrate into the fibrous and tracheary tis¬ 
sues. The galls appear to originate in the young cortical tissues. 
As a result of the Irritation by the parasites the fibrous and tracheary 
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tissues in the axis cylinder become distorted and sometimes displaced; 
new fibrous and tracheary tissues are formed in the cortical regions. 

The size and shape of the galls depends primarily on the number 
of parasites in the roots and to some extent on their position in the 
roots and the age of the roots at time of infection. The writer is of 
the opinion that roots of more than one millimeter are rarely if ever 
infested. 

The writer disagrees with Atkinson in his statement that “all the 
tissue elements in the diseased roots undergo hypertrophy”. There 
is no hypertrophy of the tracheary tissue but new tracheary tissue is 
formed from the cortex. The writer also disagrees with Atkinson’s 
statement that 4 ‘ the parenchyma cells which normally have their tan¬ 
gential diameter greater than the radial are so changed that the ra¬ 
dial diameter is the greater”. This statement is sometimes true es¬ 
pecially in the very large galls which contain a large number of the 
parasites. 

There is an enlargement of the roots due primarily to the exces¬ 
sive division and growth of the cells of the cortex. In most cases 
these cells are only slightly modified. Those next to the nematodes 
are somewhat smaller than normal. The larger cells may be slightly 
shorter (i. e. isodiametric) than in normal roots. 

The cells in the axis cylinder do not increase in number but are 
pushed out of place by the growing nematodes. 

There is a tendency for an increase in the amount of tracheary 
cells at the expense of the fibrous cells. Sometimes the axis cylinder 
is supplanted by the nematodes. 

One part of an axis cylinder may be distorted and the other part 
normal. 

The final result of the stimulation by the parasite is great masses 
of cells, the formation of new fibrous and tracheary tissues which are 
intermingled in the parenchyma in an irregular manner. 

Atkinson compared the nematode galls with those caused by Plas - 
modiophora brassicae as follows: 

“But if we take a thin transverse section of an enlarged root of each and 
compare them all resemblance vanishes. In a cross section of * club-foot' the 
drat thing to attract attention is the great number of yellowish plasmodia, or 
else the spore masses within large cells, distributed all through the tissues. 
If the isection is from an enlargement of a lateral root, unless very large, there 
will be little else to attract the attention when compared with a healthy root 
unless it be a slight enlargement of some of the other cells. The general char- 
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acter of the root structure is but little changed. The tracheral tissue of the 
axis cylinder, but little attacked is arranged in the same stellate form which 
we find it in a healthy root. The ducts, even when immediately in contact with 
cells containing plasmodifi, are not turned from their longitudinal direction, or 
if so only slightly. The cells are not elongated and curved around the enlarged 
cells containing the plasmodium, but resemble the normal arrangement of small 
cells around a large one. Nor is the radial diameter of the parenchymatous 
cells proportionately increased, but if the cells are enlarged it is usually a 
proportionate or nearly symetrical enlargement.’ ’ 

The above comparison is very satisfactory for a comparison of 
sections of galls well advanced in their development. However, com¬ 
parisons of the old galls are of very little value. Comparisons of 
young galls would no doubt give us some information concerning the 
developmental history. The writer has not had an opportunity of 
studying the Plasmodiophora brassicae galls but judging from the de¬ 
scription of the histology by Lutman ( 2 ) and Kunkel, ( 4 ) they are 
much more simple in structure than the galls caused by nematodes. 
Lutman said: 

‘ ‘ The difference between the cross-sections from a healthy root and those 
from a diseased one lies in the presence in the greatly hypertrophied cells of 
the cortical parenchyma of an opaque, colorless, -finely granular plasma. The 
cortex is greatly increased in size and this enlargement is due to an increase in 
the number of the cells as well as to hypertrophy of the individuals. The 
vessels are often bent and shoved out of their proper position in diseased roots, 
but, a» in normal ones, only contain air. The hypertrophied cells become filled 
in the older roots with small round spores of the organism to which Woronin 
gave the name of Plasmodiophora Brassicae. 

Kunkel does not give us the history of the development of the 
very young galls caused by P. brassicae, but he said: 

‘‘Many of the host cells are very much enlarged, especially near the point 
of original infection. During .the sixteenth and seventeenth days the parasite 
spreads still farther into the healthy tissues of the stem. It has not penetrated 
very much deeper, however, and does not Beem to. be able to attack the woody 
parts, at least to any very considerably extent. 

‘ ‘ While the thickening of the cortex is accbmplished more by cell growth 
than by cell multiplication, the swelling in the cambium region is brought about 
largely by an increase in the number of cells . 99 

He also stated that the cambium contributed to the enlargement, 
that the cortex grew, that the cortical cells were enlarged while those 
of the cambial region were small and that the parasite penetrated the 
rays and stimulated the cells so that the bundles were forced apart. 

It appears to fhe writer that the galls resulting from nematodes 
are much more complex than the galls caused by P. brassicae. 
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SUMMABY 

1. Root galls caused by nematodes ( Heterodera marioni) origin¬ 
ate as a result of attacks on meristematic tissues of very young roots. 

2. The parasite may locate in the cambium or cortex or penetrate 
in the medullary rays. 

3. There is no evidence that the parasite can attack fully formed 
fibrous and tracheary tissues or that it can stimulate their growth, 
but it can push them out of place. 

4. The cambium, cortex and medullary rays are stimulated to ex¬ 
cessive cell division and tracheary tissue is formed in the cortex. 

5. The cells next to the parasites during the period of gall for¬ 
mation are very small as a result of excessive cell division while the 
more remote cells are much larger. 
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Explanation of Plate 

Fig. 1. Cross section of small root showing location of nematodes. 
Fig. 1 b. Part of same showing the effect on the cells. 

Fig. 2. Longitudinal section of small root showing location of 
nematodes. 

Fig. 3. Cross section of a root showing location of nematodes. 
Note there is no tracheary tissue. 

Fig. 4. Cross section of a root. Note there is no tracheary tissue. 
Fig. 4 6. Part of same. Note the enlarged parenchyma cells. 
Fig. 5. Cross section of small root. Note there is no tracheary 
tissue. 

Fig. 5 6. Part of same. Note the parenchyma cells. 
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